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NE year ago, O’Brien and associates! presented before this Association 
O a report on the chaos regarding the resection of residual caseous !esions fol- 
lowing chemotherapy. These authors concluded that too many necrotic lesions 
were resected. They also stated that some investigators were raising the ques- 
tion as to whether closed lesions should be resected. 

The great wave of resectional surgery in tuberculosis may be attributed 
to several factors: (1) As a result of prolonged chemotherapy in eases of 
pulmonary tuberculosis soon after its origin, the disease undergoes extensive 
resolution, and the process is limited to a portion of a lobe or lung. (2) As 
a result of technical advances in thoracie surgery, portions of the lung can 
be removed with much greater facility. 

D’Esopo and co-workers* at the Veterans Administration Ilospital, Sun- 
mount, N. Y., first reported that after the prolonged use of streptomycin and 
PAS, cavities closed and sputum conversion occurred in a high percentage of 
cases. 

Medlar, working with this group at that time, urged the surgeons to re- 
move as many of these lesions as possible. He felt that it was important to 
learn what effect chemotherapy was having on the lesions and also raised the 
question as to whether it was safe to leave many of these foci in the lung. He 
reasoned that many of these foci were in communication with bronchi and 
would therefore be a potential source of danger if left behind. 

Ryan, Medlar, and Welles* subsequently reported on the excision of ne- 
crotie foci in the lungs following the prolonged use of streptomycin on a 
regimen of 1 Gm. daily and PAS 12 Gm. daily. 
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Division of Chas. Pfizer & Co., Inc., Brooklyn, N. Y 
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Subsequent to these reports, necrotic foci of 1 mm. or more were removed 
from the lungs of many patients who received chemotherapy for varying pe- 
riods of time. 

D’Esopo and co-workers* have demonstrated that the tubercle bacilli 
present in the necrotic foci after long-term chemotherapy in most instances 
cannot be cultivated in vitro by standard microbiologic techniques. Medlar 
and associates> obtained positive cultures in only 7 per cent of the closed le- 
sions from the same institution. Steenken and Wolinsky,® who utilized more 
varied and specialized procedures for the purpose, confirmed this observation. 
Steele’? has published analogous observations. Similar bacteriologic findings 
have been reported by Granville and associates. In a group of 12 patients 
who received streptomycin and PAS (all but 2 received streptomycin 1 Gm. 
daily for a period of from 21 days to 495 days) and in whom the cavities 
closed, they found viable tubercle bacilli in only 2 of the 12 resected tissues. 
The presence, however, of miliary and conglomerate tubercles outside the eap- 
sule of the nodular easeous lesions suggested to these authors that there were 
viable organisms in these lesions. The conclusion has been reached that these 
organisms ‘‘behave as if they were dead.’” 

Thus two extremely important questions arise in relation to excisional 
surgery: (1) Are all necrotic foci potentially dangerous? (2) Are viable 
tubercle bacilli present within the necrotie foci? 

The necrotie foci present after long-term chemotherapy are of two types 
which, although they may be distinguished microscopically, are not always 
separable on gross examination. It is our opinion that, although these foci 
resemble each other closely, they hold different potential dangers. The first 
is the necrotic focus which has never undergone liquefaction; the second rep- 
resents a tuberculous cavity in which the lumen has been obliterated by an 
inspissation of its necrotic fragments. 

In both types the process begins as a tuberculous pneumonia which soon 
undergoes necrosis. Generally, the smaller the original area of tuberculous 
pneumonia, the greater is the opportunity for healing and encapsulation to 
develop. Cavity formation in necrotic foci less than 1 em. in diameter is ex- 
tremely infrequent, and occurrence in foci less than 5 mm. is rare indeed. Not 
all of the larger necrotic foci, on the other hand, undergo liquefaction and 
cavitation. 

In the development of encapsulated caseous foci, the zone of tuberculous 
pneumonia undergoes necrosis, and a zone of granulation tissue encircles it 
completely. The elastic framework in the necrotic tissue remains intact since 
the original process was that of a tuberculous pneumonia in which there was 
no dissolution as a result of liquefaction. As healing progresses, the encir- 
cling zone of granulation tissue is gradually transformed into hyalinized con- 
nective tissue; the contracting capsule results in a decrease in the size of the 
central necrotic area. It has been our experience that these foci do not com- 
municate with bronchi because the capsule around the necrosis is complete 
and delimits it from the surrounding lung tissue. We have had the oppor- 
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tunity in this series to serial-section many such necrotic foci of various size. 
In no single instance have we observed a bronchus communicating with the 
necrotic mass. 

We believe that the necrotic foci which have never liquefied and have 
subsequently become encapsulated are not a potential source of danger. The 
reason for this is twofold: (1) they do not communicate with bronchi, and 
(2) they do not subsequently undergo liquefaction, but become progressively 
firmer with the deposition of calcium salts. 

The process is entirely different in inspissated cavities. The progression 
to cavitation from a tuberculous pneumonia generally occurs through the in- 
vasion of the zone of necrosis by polymorphonuclear leukocytes. Following 
softening, liquefaction, and evacuation of much of the liquefied material, a 
cavity results within which necrotic fragments of various size are present 
both in the lumen and attached to the inner wall. The cavity empties its con- 
tents into a draining bronchus; the latter is ulcerated as it enters the cavity 
(when no chemotherapy has been used). In eavity closure, as the lumen of 
the cavity decreases, the individual necrotic fragments, which had been sep- 
arated by the process of liquefaction, are compressed into the narrowed space. 
Thus, even after calcium salts are deposited, the necrotic material remains 
as fragments in the enclosed space. Microscopically, although a few intact 
elastic fibers are still observed in some of the necrotic fragments, the majority 
of them show a great loss of elastic fibers. Such cavity closure, occurring 
after chemotherapy, shows re-epithelization at the bronchocavitary junction. 
The epithelium from the bronchus extends along the inner wall of the cavity 
for a variable distance. 

Comparing the healed cavity after chemotherapy with that healed with- 
out chemotherapy, it is found that in treated cases the bronchus is patent and 
re-epithelized, while in untreated cases no bronchial communication can be 
demonstrated. As a result of the communicating bronchus the inspissated 
contents may subsequently be evacuated. Thus, open healing is a much more 
frequent occurrence following chemotherapy. A consequence of the evacua- 
tion of much of the necrotic contents within the inspissated cavity will be an 
extremely small cavity. 

In a previous study of the bronchocavitary junction following chemother- 
apy, we raised the question, ‘‘Is the inspissated cavity with a patent bronchus 
a potential source of danger?’’’® One of the most important reasons for rais- 
ing the question at that time was that we observed secondary liquefaction of 
the inspissated necrotic contents within the lumen of the cavity. Neutrophils 
intermingled with mucin secreted into the bronchial lumen were observed to 
extend among the calcified necrotic fragments and result in an evacuation of 
this material. We stated then that it would depend upon the fate of tubercle 
bacilli in the inspissated cavity in patients undergoing prolonged combined 
chemotherapy. D’Esopo and associates"! have described the effects of long- 
term combined therapy on bacilli in such lesions. They found that, in patients 
treated for eight months or longer with daily streptomycin-PAS in whom the 
cavity disappeared from roentgenographie view, they could neither grow eul- 
tures of tubercle bacilli nor produce disease in the guinea pig inoculated with 
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contents of excised inspissated cavities in a high percentage of cases (1 of 36 
cases). Smears from these lesions invariably showed acid-fast organisms, 
often in great numbers. These writers concluded that in such lesions the 
tubercle bacilli are probably not viable. Talk and associates’? believed that 
their findings confirmed the views expressed by D’Esopo and his co-workers. 

We have previously stated that if the bacilli in the inspissated cavities 
of streptomycin-treated patients should prove to be viable after discontinua- 
tion of therapy, it would seem hazardous to leave such lesions in situ.° The 
possibility must be considered that, if the bacilli were again to multiply within 
these inspissated lesions, reactivation of disease would occur. Such patients 
subjected to re-treatment would be expected to develop streptomycin resist- 
ance rapidly. Should bacilli remain viable within residual inspissated lesions, 
it would be imperative that the indications for prolonged chemotherapy be 
carefully evaluated. 

We concluded then that the potential dangers inherent in such inspis- 
sated lesions with patent, re-epithelized draining bronchi have not yet been 
precisely defined. As a consequence, it is not yet possible to determine 
whether such obliterated residual cavitary foci should be left in situ or 
whether resection of such areas is obligatory. 

The possibility that more refined cultural techniques might permit the 
demonstration of viable tubercle bacilli in necrotic tuberculous lesions has 
been discussed by various investigators.'**7 In a recent communication,” 
Hobby and associates** have summarized a portion of the evidence which sug- 
gests that microorganisms at times are capable of survival for long periods of 
time under adverse environmental conditions. These investigators have shown 
also that, by use of special cultural conditions and long-term incubation, 
growth of tubercle bacilli can indeed be demonstrated in cultures of resected 
necrotic lesions. 

The present study was undertaken in an attempt to correlate the anatomic 
findings with the viability of tubercle bacilli in resected lesions from patients 
who had had extensive chemotherapy, and: who had been .culture negative for 
several months. The microbiologic observations and the methods used are 
presented in detail in another report?® while the clinicopathologie nature of 
the material is reported herein. 

Material—As of this time necrotic fragments from 40 patients have been 
cultured. Included in this study are inspissated cavities, necrotic foci which 
have never liquefied, and also necrotic fragments from cavities showing open 
healing. 

In selecting the cases for study an attempt was made to meet as closely 
as possible the criteria set up by D’Esopo and his associates. The high percent- 
age of negative results obtained by these authors were in cases where there 
was a closure of all cavities, consistently negative sputum and gastric cultures 
for several months, and stability of x-rays. They emphasized that the results 
obtained were in a highly selected group and also that this was a study. They 
viewed their material as a gathering of bacteriologic data and not for their 
clinical application in so far as surgical procedures are concerned. 
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Because of the long observation period needed for evaluation of results, 
only the first 19 cases are included in this report. Eleven of these 19 studies 
were original treatment cases; four were retreated cases and four were controls. 


CASE REPORTS—ORIGINAL TREATMENT CASES 


CasE 1.—J. R. was a 29-year-old Puerto Rican man with bacteriologically proved 
pulmonary tuberculosis and a small cavity in the superior segment of the left lower lobe 
by x-ray, Chemotherapy was initiated on March 4, 1953, in a dosage of 1 Gm. streptomycin 
daily with 12 Gm. PAS daily. This regimen was continued without interruption with the 
exception that, on March 19, 1953, the regimen was changed to streptomycin, 1 Gm, twice 
weekly, with PAS, 12 Gm. daily. All smears and cultures of sputum concentrates and 
gastric specimens were negative from April 27, 1953, on. X-rays showed marked regression 
of the lesion in the left lower lobe with no evidence of cavity on left lateral tomogram 
preoperatively and with stability for at least 3 months preoperatively. On July 13, 1953, 
nx segmental resection of the superior segment of the left lower lobe was performed. 

Pathologic Findings.—The specimen of the superior segment of the left lower lobe 
measures 7.5 by 6 by 3 em. Occasional yellow necrotie foci varying from 2 to 3 mm. are 
present in an otherwise resilient lung parenchyma. 

Microscopically an occasional necrotic focus is present. One of these proved to be an 
inspissated cavity, while the others are encapsulated caseous foci which had never liquefied. 
Serial sections show a bronchus opening into the inspissated cavity. The walls of the in- 
spissated cavity, as well as the capsules around the necrotic foci which had never liquefied, 
are composed of hyalinized connective tissue with occasional epithelioid and giant cells. 
Oceasional epithelioid giant cell foci without a necrotic center are also present. 

Bacteriologic Findings.—A single 2 mm. neerotic focus was removed in its entirety 
for culture. This specimen was negative for acid-fast bacilli both on smear and culture, 


Case 2.—E. H. was a 47-year-old white man, with proved pulmonary tuberculosis in- 
volving the right upper lobe. Streptomycin, 1 Gm. twice weekly, and PAS, 12 Gm. daily, 
were initiated on Oct. 1, 1952 (Fig. 1, 4), and were continued without interruption. All 
specimens taken after start of chemotherapy were negative by culture. Four sputum con- 
centrates between Dee. 31, 1952, and Feb. 9, 1953 (Fig. 1, B), were smear-positive for acid- 
fast bacilli while a single specimen taken Feb. 24, 1953, was negative by smear as well as 
by culture. The patient revealed the greatest resolution of disease roentgenographically 
between August and December, 1952. At the time of surgery, tomograms revealed extensive 
involvement of the entire right upper lobe region with multiple small areas of radiolucency. 
X-rays indicated roentgen stability since December, 1952. The right upper lobe was re- 
sected on March 19, 1953 (Fig. 1, C). X-ray of the inflated resected right upper lobe showed 
only a few small radiolucent areas within a large dense lesion (Fig. 1, D). 

Pathologic Findings——The specimen of the right upper lobe measures 14 by 12 by 4 em. 
Present in the midaspect of the lobe are many oval and round, yellow, necrotic foci arranged 
singly and in contiguous groups. These foci vary in size from 3 mm. to 3 em. (Fig. 1, F£). 
The smaller foci have a smooth yellow appearance. The larger ones, representing in- 
spissated cavities, have a fragmented appearance. Branches of the bronchi open widely 
into these cavities. ; 

Microscopically, the inspissated cavities are filled with fragmented, necrotic frag- 
ments containing calcium salts. The cavity wall is composed of granulation tissue in some 
aspects, but in most regions is made up of dense hyalinized connective tissue. Branches 
of the bronchi open into the cavity (Fig. 1, F). There is re-epithelization of the bronchus 
at the bronchocavitary junction. The lumen of the bronchus is filled with necrotic material 
similar to that present in the inspissated cavity. The smaller necrotic foci, which show 
the ghost forms of the underlying lung structure, are surrounded by narrow connective 
tissue capsules (Fig. 1, G@). 





114 THE JOURNAL OF THORACIC SURGERY 


Bacteriologic Findings——Part of a large inspissated cavity was removed for bac- 
teriologic observation; acid-fast smears of this specimen showed small numbers of bacilli 
while cultures were positive for tubercle bacilli. A filled-in cavity with necrotic foci, 
although negative on smear, was culture-positive for acid-fast bacilli. 


iD. 


Fig. 1, A-D.—Case 2. A, Chest x-ray Jan. 5, 1953. Pulmonary tuberculosis had been 
discovered August, 1952, and streptomycin and PAS therapy begun Oct. 1, 1952. B, Antero- 
posterior tomogram, Feb. 4, 1953. At this time cultures had been negative for almost four 
months but sputum smears were still positive. C, Right lateral tomographic view, Feb. 18, 
1953. Right upper lobectomy was done March 19, 1953. D, X-ray of inflated resected right 
upper lobe. On section this specimen showed necrotic foci and filled-in cavity (3 mm. to 3 


em.). 


Case 3.—E. C. was a 57-year-old white man with diabetes whose illness began in 
August, 1952, with a spontaneous right pneumothorax and a pleural effusion. Following 
re-expansion of the right lung, a lesion thought to be cavitary was seen in the right lower 
lobe. Streptomycin, 1 Gm. twice weekly, and PAS, 12 Gm. daily, were initiated on Dee. 7, 


‘ 
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Fig. 1, H-G.—Case 2. HH, Coronal section of the lung showing a number of inspissated 
cavities as well as smaller necrotic foci. F, Photomicrograph of a large inspissated cavity and 
several smaller necrotic foci. Bronchocavitary junction is patent and re-epithelized. G@, Photo- 
micrograph (elastica Van Gieson) of small necrotic foci showing thin connective tissue capsules. 
There is no intervening fibrosis among the tuberculous foci. 
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1952, and continued without interruption. Pleural fluid at time of the pleural effusion was 
negative on culture, although sputum was smear-positive for acid-fast bacilli. Following 
start of chemotherapy, sputum concentrates were persistently negative on culture from 
Nov. 5, 1952, until time of surgery, although positive on smear until after March 16, 1953. 
Decortication of the right lung and a lobectomy of the right lower lobe was performed on 
April 27, 1953. Section of the resected specimen revealed a small inspissated cavity in the 
superior segment of the right lower lobe, not corresponding to the lucency seen on 
tomograms, with adjacent 2 to 5 mm. necrotic foci. It was concluded that the tomographic 
conformation, which had been interpreted as a cavity, actually was due to the pleural 
changes following resorption of fluid and re-expansion of the right lung. 

Pathologic Findings.—The specimen measures 9.5 by 8 by 8.5 em. Present throughout 
the lobe, particularly in the superior aspect; are groups of oval and round, yellow, necrotic 
foci varying in size from 2 to 5 mm. surrounded by a narrow gray capsule. Some of the 
larger ones show fragmentation of the necrotic contents. 

Microscopically, some of the larger foci show fragmentation of the necrotic fragments 
in which there is a loss of lung architecture. Among the necrotic fragments are also blue 
zones resembling mucin. Serial sections show a patent epithelized bronchus opening into 
the cavities. The smaller necrotic foci and inspissated cavities are surrounded by nar- 
row hyalinized connective tissue capsules containing small numbers of fibroblasts and 
epithelioid cells. 

The smaller necrotic foci show a preservation of the elastic framework and are 
surrounded by hyalinized connective tissue containing a few fibroblasts and epithelioid 
cells. 

Bacteriologic Findings.—A specimen containing hard, necrotic foci showed moderate 
numbers of acid-fast bacilli on smear and was positive on culture. The soft liquefied 
necrotic material from an inspissated cavity, although positive on smear (1 to 2 acid-fast 
bacilli per microscopic field), was negative on culture, The wall of this cavity, in contrast, 
showed viable tubercle bacilli on culture despite the fact that acid-fast bacilli were not 
detected on prolonged examination of smears. 


Case 4.—J. D. R. was a 44-year-old Portuguese man with a history of pulmonary 
tuberculosis with a right upper lobe cavity since 1946. Streptomycin, 1 Gm. daily, and 
PAS, 12 Gm. daily, were started on July 20, 1952, and continued without interruption, with 
the exception that, after Nov. 20, 1952, streptomycin was administered in a dosage of 1 
Gm. twice weekly. All cultures were negative with the exception of one specimen taken 
on Noy, 21, 1952. Three of 12 sputum concentrates were positive on smear between Nov. 
20, 1952, and March 9, 1953; the last smear-positive specimen was taken on Jan. 12, 1953. 
No significant roentgenographic change was noted during the four months prior to surgery. 
Cavity was lost to view on conventional films six months prior to surgery, and on tomograms 
two months prior to surgery. On March 4, 1953, a right upper and right middle lobec- 
tomy was performed. X-ray of the inflated resected lobes revealed no open cavity. 

Pathologic Findings.—The specimen consists of the right upper and right middle lobe, 
which together measure 12 by 11 by 6 em. Occasional necrotic foci present are limited to 
the superior portion of the upper lobe. Most of the foci have a chalky appearance. One 
of the larger ones is fragmented, but no communication with a bronchus can be demon- 
strated. 

Microscopically, most of the necrotic foci show the elastic fibers within the necrotic 
zones to be intact. Cholesterol deposits and calcium salts are present within the zones 
of necrosis. The capsules are composed of hyalinized connective tissue containing only 
occasional fibroblasts and epithelioid cells. 

Serial sections reveal a re-epithelized bronchus opening into the inspissated cavity. 
Some of the sections show irregular necrotic fragments in the lumen of the bronchus, The 
cavity wall, which is composed of hyalinized connective tissue, in occasional sections shows 
a few epithelioid and Langhans’ giant cells. 
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Bacteriologic Findings.—A portion of the necrotic contents of the inspissated cavity 


in the right upper lobe was negative for acid-fast bacilli both on smear and culture. Putty- 
like foci at the base of the same lobe likewise were negative on culture, although a few 
sparsely scattered acid-fast bacilli were observed on smear. 


Case 5.—F. K. was a 34-year-old white man in whom a nodular lesion in the left lung 
was discovered in June, 1952, in the presence of a left pleural effusion. Streptomycin, 1 
Gm, twice weekly, and PAS, 12 Gm, daily, were started on Sept. 18, 1952, and continued 
without interruption. Thoracentesis in June, 1952, with inoculation of obtained fluid into 
guinea pigs, resulted in positive identification of tubercle bacilli. All sputum and gastric 
specimens were negative on smear and culture from June, 1952, to April, 1953, with the 
exception of one isolated positive sputum culture on April 9. This single positive sputum 
culture was followed by negative smears and culture on a single tracheal lavage specimen 
taken May 5, 1953. X-ray on Jan. 12, 1953, revealed a solid lesion 2 cm. in diameter in 
the lateral aspect of the left mid-lung field and obliteration of the left costophrenic angle. 
There was no change in the size or character of the left lung infiltrate between June, 1952, 
and the time of resection, as evidenced by serial roentgenograms, and it was thought that 
the infiltrate represented an encapsulated caseous focus. On May 12, 1953, a wedge resee- 
tion from the anterior segment of the left upper lobe was performed, X-ray of the resected 
specimen showed only a small dense nodule which on sectioning proved to be a 2 em. cavity 
with liquefied contents. 

Pathologic Findings.—The wedge of tissue measures 3 by 3.2 by 2 em. The lung 
tissue contains several necrotic foci varying in size from 2 to 5 mm. The largest focus 
contains liquefied yellow material. Narrow gray capsules enclose the necrotic zones, 

Microscopically, the necrotic foci which show the ghost forms of the underlying lung 
structure are surrounded by wide areas of hyalinized connective tissue containing epi- 
thelioid and giant cells. 

Serial sections of the cavity containing the liquefied contents show a patent bronchus 
opening into the inspissated cavity. Numerous neutrophils are intermingled among the 
necrotic fragments of the cavity lumen. 

Bacteriologic Findings——Half of the inspissated cavity, including a portion of the 
wall and of the liquefied contents, was removed for bacteriologic study. Cultures were 
negative, even after prolonged incubation, despite the presence of innumerable acid-fast 
bacilli on smear. ; 


Case 6.—T. H. was a 35-year-old white man with bacteriologically proved pulmonary 
tuberculosis since April, 1952. Isoniazid 300 mg. daily was administered for 120 days 
beginning April 22 and terminating Aug. 19, 1952. Streptomycin, 1 Gm. twice weekly, and 
PAS, 12 Gm. daily, were initiated on Aug. 25, 1952, with pneumoperitoneum, and con- 
tinued without interruption until the time of surgery. All sputum cultures beginning with 
December, 1952, were negative on smear and culture, with the exception of one specimen, 
taken Jan. 5, 1953, which was positive on culture. Four specimens taken subsequent to 
January 5, and prior to surgery were negative both by smear and culture. Serial films between 
May 9 and Aug. 15, 1952, showed no essential change, although there appeared to be some res- 
olution and hardening of lesions between April 14, and June 9, 1952. Subsequent films 
between Aug. 15, and Nov. 14, 1952, revealed considerable retraction in the right upper 
lobe, as well as some clearing of small densities in the left apex, Anteroposterior tomo- 
rams on Jan. 29, 1953, revealed linear and nodular densities with ‘‘honeycombing’’ 
present in the shrunken right upper lobe. Bilateral lesions had been stable since Novem- 
her, 1952. A resection of the apical and posterior segments of the right upper lobe was 
performed on Feb. 26, 1953. X-ray of the inflated resected specimen revealed no evidence 
of cavity. 

Pathologic Findings——The specimen measures 8 by 5 by 3 em. Occasional oval and 
round necrotic foci are present which are chalky in appearance and measure from 1 to 2 
um. in diameter. Bands of connective tissue traverse the intervening portions of the 
iung tissue. 
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They are surrounded 


Microscopically, the necrotic foci contain abundant calcium salts. 
by wide zones of hyalinized connective tissue. Other necrotic foci of a more recent nature 


show no caleium and are surrounded by granulation tissue. 

Serial sections of the tissue show that the necrotic foci represent areas of tuberculous 
pneumonia which had undergone necrosis and in which calcium salts had been deposited in 
No bronchi communicate with these foci. The serial sections do, 
In some 


some of the older foci. 
however, reveal a minute cavity composed chiefly of hyalinized connective tissue. 


C. Dd. 


Fig. 2, A-D.—Case 7. A, Chest x-ray, Nov. 12, 1952. Streptomycin, 1.0 Gm. daily, and 


PAS, 12.0 Gm. daily, were begun Nov. 11, 1952. 8B, Chest x-ray, Aug. 12, 1953. After six 
months of daily streptomycin, regimen was changed to twice weekly and PAS continued daily 
All smears and cultures promptly became negative after starting streptomycin and PAS 
C, Anteroposterior tomogram of right apex, June 25, 1953, prior to segmental resection or 
Aug. 17, 1953. D, X-ray of inflated resected specimen. Section of this showed inspissate: 


cavity and 3 to 5 mm. yellow foci. 
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Fig. 2, H-G.—Case 7. E, Photomicrograph of an inspissated cavity from which the 
‘rotic material was removed for bacteriologic study. F, Photomicrograph of one of the 
‘ial sections of the cavity with a fragment of cartilage enclosed by necrotic material. 

- Photomicrograph of one of smaller necrotic foci surrounded by a zone of hyalinized con- 
1-ctive tissue with an almost complete loss of specific tuberculous elements. 
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sections the presence of Langhans’ giant cells and epithelioid cells speak for this cavity’s 
tuberculous origin. Foreign body giant cells are also present in the wall. A bronchus open- 
ing into it is observed in some of the sections. There are no necrotic fragments within the 
lumen of the cavity or attached to its wall. 

Bacteriologic Findings.——A specimen containing chalky foci from this resected lung 
tissue showed no evidence of acid-fast bacilli either on culture or smear. 


CASE 7.—G, G. was a 24-year-old white man, with bacteriologically proved pulmonary 
tuberculosis since October, 1952 (Fig. 2, 4). Streptomycin, 1 Gm. daily, and PAS, 12 Gm. 
daily, were started in November, 1952, and continued without interruption until May 1, 1953, 
when the streptomycin regimen was changed to 1 Gm. twice weekly. Sputum and gastric 
smears converted to negative promptly after initiation of chemotherapy and remained per- 
sistently negative from Jan. 5, 1953, until time of surgery. Six sputum and gastric specimens 
taken between May 15 and July 13, 1953, were negative on culture. X-rays showed rapid 
resolution of the lesions on the left (Fig. 2, B). By April, 1953, stability was established 
on the right without definite evidence of cavitation on tomograms (Fig. 2, C). An apical 
and posterior segmental resection of the right upper lobe was performed on Aug. 17, 1953 
(Fig. 2, D). 

Pathologic Findings.—The specimen measures 14 by 7.5 by 2.5 em. There are occasional 
oval and round necrotic foci measuring from 3 to 5 mm, in size. These are surrounded by a 
narrow gray capsule. 

Microscopically, one of the larger necrotic foci (Fig. 2, EZ) represents an inspissated 
cavity, Serial sections of this cavity show a fragment of cartilage enclosed by necrotic 
material lining the cavity wall (Fig. 2, F). Further serial sections show the continuation 
of the same bronchus communicating with the cavity. 

The other necrotic foci are surrounded by wide zones of hyalinized connective tissue 
with an almost complete loss of specific tuberculous elements (Fig. 2, G). 

Bacteriologic Findings——A single specimen consisting of pus from the inspissated 
cavity and several small necrotic foci was culture-positive for M. tuberculosis although nega- 


tive by smear, 


CASE 8.—R. C. was a 31-year-old white man with bacteriologically proved pulmonary 
tuberculosis since April, 1952 (Fig. 3, 4). The patient received isoniazid, 150 mg. daily, 
from June 12 to September 23, 1952, at which time streptomycin, 1 Gm. twice weekly, and 
PAS, 12 Gm. daily, were substituted for isoniazid. Chemotherapy was continued without 
interruption until the time of surgery. Sputum specimen taken Sept. 3, 1952, showed 6 acid- 
fast bacilli on smear, while a specimen taken Dec. 1, 1952, was also positive on smear (Gaffky 
I) although negative on culture. All other specimens taken after May 23, 1952, including 
10 specimens taken after Dec. 1, 1952, and prior to April 14, 1953, were negative by smear 
and culture. Roentgenograms indicated bilateral stability for six months prior to surgery, 
and a large coalescent infiltrate with irregular small annular densities in the shrunken right 
upper lobe at the time of surgery. A right upper lobectomy was performed on April 14, 1953. 

Pathologic Findings—The specimen of the right upper lobe measures 14.5 by 10.5 by 
5.5 em. A 4 by 3 by 2.5 em. filled-in cavity is present in the superior portion of the lobe. 
The lumen is filled with firm inspissated yellow material which can easily be evacuated. <A 
bronchus opens into the cavity and has a smooth lining. The cavity wall, which is gray in 
color, measures from 1 to 2 mm. Oval and round necrotic foci varying in size from 1 to 3 
mm, are present in the region around the cavity (Fig. 3, £). 

Microscopically, the lumen of the inspissated cavity is filled with fragmented necrotic 
particles containing abundant calcium and cholesterol. A narrow zone of tuberculous granu 
lation tissue encircles the necrotic mass and is in turn surrounded by a thin layer of hyalinized 
connective tissue (Fig. 3, F). A bronchus which opens into the cavity contains necrotic frag 
ments in its lumen, similar to that which lies in the cavity (Fig. 3, G@). The small necrotic 
foci have an even appearance and are encircled by narrow hyalinized connective tissue. 
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Bacteriologic Findings.—The necrotic contents of the right upper lobe inspissated cavity 
were positive for tubercle bacilli both on smear and culture. In like manner, smears of a 
portion of the unsloughed satellite necrotic lesions showed acid-fast bacilli, while viable 
tuberele bacilli were recovered on culture. 


C. D. 


Fig. 3, A-D.—Case 8. A, Chest x-ray, April 24, 1952. Isoniazid administered from June 

2 to Sept. 23, 1952, and thereafter streptomycin and PAS. B, Chest x-ray, April 10, 1953. 

‘he last positive gastric culture was obtained May 23, 1952, and the last positive smear Dec. 

1952. C, Anteroposterior tomogram, Feb. 4, 53. D, Right lateral tomogram, March 4, 

953. The right upper lobe was resected April 14, 1953. The resected specimen showed a 
urge inspissated cavity. 


CASE 9.—A. M., a 34-year-old white man, had had pulmonary tuberculosis since 1943. 
herapy with streptomycin, 1 Gm. daily, and isoniazid, 150 mg. daily, was initiated in 
“eptember, 1952, and was continued without interruption with the exception that the 
osage of isoniazid was increased in December, 1952, to 300 mg. daily and the strepto- 
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Fig. 3, H-G.—Case 8. 
smaller necrotic foci in superior aspect of the lobe. Branches of the bronchi communicate 
with the cavity. F, Photomicrograph of inspissated cavity containing calcium salts in its 
peripheral aspect. The narrow hyalinized connective tissue cavity wall shows a great de- 
crease in specific cellular elements. G, Photomicrograph of a bronchus near its entrance into 
the inspissated cavity. The epithelial lining of the bronchus is intact and the lumen of the 
bronchus is filled with necrotic material similar to that present in the cavity. 


E, Coronal section of the lung showing inspissated cavity and 
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mycin regimen simultaneously changed to 1 Gm, twice weekly. Sputum was positive for 
acid-fast bacilli on Dee. 24, 1952. Twelve sputum, gastric, and tracheal specimens, taken 
between Jan. 8 and Aug. 11, 1953, were negative on smear and culture. In November, 
1952, there was x-ray evidence of progression in the right upper lobe, and a pneumo- 
peritoneum was induced. In June and July, 1953, tomograms were interpreted as showing 
small areas of breakdown within a dense lesion in the left upper lobe and multiple small 
solid lesions in the right upper lobe. X-rays were stationary for six months when surgery 
was performed in August, 1953. Resection of the apicoposterior and anterior segment of 
the left upper lobe was performed on Aug. 12, 1953, X-ray of the inflated resected seg- 
ment showed multiple solid lesions without a patent cavity. 

Pathologic Findings——The removed segments measure 8 by 6 by 5 cm. Occasional oval 
and round stony-hard necrotic foci are present within the lung parenchyma. 

Microscopically, most of the necrotic foci retain the ghost forms of the underlying 
lung parenchyma. These also contain irregular calcium deposits and are surrounded by 
narrow zones of hyalinized connective tissue. One of the larger foci shows fragmentation 
of the necrotic center and is also encircled by hyalinized connective tissue. A bronchus 
near this focus has an intact epithelial lining. Serial sections reveal the bronchus to open 
into the cavity. 

Bacteriologic Findings.—Smears showed the presence of small numbers of acid-fast 
bacilli while viable tubercle bacilli were recovered on cultures of portions of the small in- 
spissated cavities. 


CASE 10.—J. McC., a 41-year-old white man, had a history of a spontaneous right 
pneumothorax in 1944 but no bacteriologie evidence of pulmonary tuberculosis until May, 
1947; in December, 1952, cavitary disease on the left side was apparent. Isoniazid, 300 mg. 
daily, and PAS, 12 Gm. daily, were started on Jan. 4, 1953, and continued without interrup- 
tion until time of surgery. After December, 1952, sputum cultures were repeatedly posi- 
tive for acid-fast bacilli by smear and culture until April 1, 1953, at which time a specimen 
was negative for the first time by both smear and culture. Cultures and smears remained 
negative thereafter. X-rays showed stability of the lesion on the right, and regressive 
resolution of the lesion on the left with decrease of size in the left upper lobe cavity. 
Stability on the left was achieved by March, 1953. On June 10, 1953, an apicoposterior 
segmental resection of the left upper lobe was performed. The x-ray of the inflated re- 
seeted specimen showed what was thought to be a patent cavity measuring approximately 
1.5 em, 

Pathologic Findings.—The specimen measures 8.5 by 6 by 3.5 em. Several filled-in 
cavities are present in the superior portion. These vary in size from 7 to 9 mm. in diam- 
eter. The inspissated contents are firm and easily evacuated. The walls of the cavity are 
gray and measure from 1 to 2 mm. in thickness. No bronchus can be traced into the 
cavities. The inferior portion of the lobe contains many oval and round necrotic foci 
which measure from 5 to 12 mm. 

Microscopically, the inspissated cavities and the other necrotic foci contain abundant 
caleium. Serial sections show bronchi communicating with the inspissated cavities. The 
capsules around the necrotie centers are thin. No communicating bronchi are found enter- 
ing the small necrotic foci, which show an intact elastic framework, 

Bacteriologic Findings.—Viable tubercle bacilli were recovered on culture (a) from 
two pooled cavities including the capsule and liquefied contents of each, (b) from the 
cavity wall and liquefied contents of another cavity in the apical portion of the right up- 
ver lobe, and (c) from two small necrotic foci, one of which was soft and puttylike. 
Smears were positive for acid-fast bacilli on the first of these three specimens only. 


Casg 11.—A. J., a 22-year-old white man, had bacteriologically proved bilateral pul- 
monary disease and cavitation in the right upper lobe. Streptomycin, 1 Gm. three times 
weekly, and PAS, 12 Gm. daily, were initiated on June 21, 1952 (Fig. 4, 4), and continued 
without interruption, with the exception that, after July 23, 1952, streptomycin was ad- 
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ministered only twice weekly. Sputum was positive by culture on July 23, 1952. Eleven 
sputum and gastric specimens taken between Dec. 19, 1952, and the time of resection were 
negative by smear and culture. X-rays showed progressive clearing of the extensive bilat- 
eral disease in both upper lobes, with development of marked fibrosis and shrinkage and 
persistence of cavity in the right upper lobe (Fig. 4, B and C). On May 18, 1953, a right 
upper lobectomy was performed. A widely patent cavity was demonstrated by x-ray of the 
inflated resected lobe (Fig. 4, D). 
Pathologic Findings—The specimen of the right upper lobe measures 12 by 8 by 5 

em. <A system of interlocking cavities is present in the posterior lateral aspect of the 
lobe just beneath the pleura and 2 em. from the apex. The cavity measures 3.5 em, in 


A. 


C. DD. 


A-D.—Case 11. A, Chest x-ray at time of discovery of pulmonary tuberculosi: 

Streptomycin and PAS dosage was begun June 21, 1952. B, Chest x-ray, Apri! 

rr smears and cultures between December, 1952, and May, 1953, were 

e > repeatedly. , Anteroposterior tomographic view of right upper lobe cavity. D, X-ra 

of inflated resected atoms May 18, 1953. Section of this showed clean-walled patent cavity 
with one small adherent necrotic focus. 





AUERBACH ET AL.: TUBERCLE BACILLI IN RESECTED LESIONS 


Fig. 4, H-G.—Case 11. EH, Photomicrograph of clean-walled cavity and surrounding lung 
issue. F', Higher-power view of same cavity wall showing hyalinized connective tissue with- 
it specific elements of tuberculosis. G, Phomicrograph showing bronchus opening into the 
ime cavity. 
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the apicobasal direction, 2 em. in the mediolateral direction, and 2 em. in the anteroposte- 
rior direction. The cavity is lined by a smooth, shiny gray surface. <A small, yellow 
necrotic fragment is attached to the wall in one small area. The cavity wall measures 
1 mm. in thickness. Near the cavity and in other portions of the lobe are 1 to 5 mm. necrotic 
foci. 

Microscopically, the cavity wall is composed of hyalinized connective tissue contain- 
ing a few fibroblasts (Fig. 4, ZH and F). Bronchial communications are present in several 
regions. The epithelium is intact up to its entrance into the cavity (Fig. 4, @). The necrotic 
foci, which are often contiguously arranged, show the former structure of the lung parenchyma 
still discernible. These are surrounded by hyalinized connective tissue containing occasional 
epithelioid and giant cells. 

Bacteriologic Findings——The wall and tissue surrounding a clean-walled cavity was 
smear- and culture-positive for acid-fast bacilli, In like manner, a clean-walled cavity lying 
just inferior to and communicating with this previously mentioned cavity, and with a small 
necrotic zone, was positive on culture, although negative on smear. Two 4 mm. puttylike 
foci in addition revealed acid-fast bacilli both on smear and culture, as did a clump of 
small firm yellow foci. 


Comment.—Six of the 11 patients had received 4 to 8 months of chemother- 
apy, while 5 had received more than 8, although less than 12 months of chemo- 
therapy immediately preoperatively. In all but one instance, streptomycin had 
been administered twice weekly, in combination with a second antimicrobial 
agent, during the period prior to surgery. Four, however, had received daily 
streptomycin for periods ranging from 2 weeks to 6 months prior to initiation 
of the twice-weekly regimen. 

It is of interest that in 3 of the 11 patients in this group, smears, but not 
cultures, were positive until one to two months prior to resection. The sig- 
nificance of positive smears, after cultures have become negative, to our knowl- 
edge has not been indicated to date. 

Two of the patients in this group each had one isolated positive culture 
4 to 6 weeks prior to resection, after having been culture-negative for a pe- 
riod of several months previously. It is of interest that no viable tubercle 
bacilli were found in the inspissated cavities of these individuals. 

Also ineluded in this group is an example of open healing under chemo- 
therapy. This patient had had 11 months of preoperative chemotherapy and 
had been bacteriologically negative by smear and culture for more than five 
months preoperatively. It is significant that only one small necrotic fragment 
was attached to a smooth-walled cavity which microscopically was composed 
of hyalinized connective tissue which had no specifie changes for tuberculosis. 
The necrotic fragment and the cavity wall were smear- and culture-positive 
for acid-fast bacilli. Patent communicating bronchi were demonstrated micro- 
scopieally (Case 11). 


CASE REPORTS—RETREATMENT CASES 


Case 12.—C. D., a 36-year-old white man, had had pulmonary tuberculosis since Feb- 
ruary, 1948, and x-ray evidence of excavation in the left lung in 1952. Streptomycin, 1 
Gm. twice weekly, in association with PAS, 12 Gm. daily, was administered for a period 
of 90 days beginning Jan. 12, 1952. In July, 1952, the patient was again started on strep- 
tomycin, 1 Gm. twice weekly, with PAS, 12 Gm. daily, and the regimen was continued 
without interruption until time of surgery. A single sputum specimen taken on Dec. 31, 
1952, was smear- and culture-negative, while a second specimen taken on Jan, 2, 1953, 





AUERBACH ET AL.: TUBERCLE BACILLI IN RESECTED LESIONS 127 


showed a Gaffky I on smear. Thereafter, six tracheal, gastric, and sputum specimens taken 
preoperatively were negative by smear and culture. The last positive culture had been 
btained April 2, 1952. Serial films showed x-ray stability without definite evidence of 
vavity for 6 months prior to resection. <A left upper lobectomy and segmental resection of 
the superior segment of the left lower lobe was performed on April 28, 1953. 

Pathologic Findings.—The specimen of the left upper lobe and the dorsal segment of 
the left lower lobe measures 18 by 11 by 4.em. Necrotie foci are present in both lobes. In 
the upper lobe they vary in size from 2 mm. to 1.5 em., while in the lower lobe they are 
from 3 mm. to 2 em, in size. The smaller foci are firm and flat, while the larger ones, which 
represent filled-in cavities, contain soft, yellow material which is easily evacuated. The 
lower lobe cavity shows softer material than the upper lobe cavities. A branch of the 
lower lobe bronchus communicates widely with the cavity, 

Microscopically, the filled-in cavities of both lobes contain fragmented necrotic frag- 
ments. Those of the lower lobe contain in addition many neutrophils (liquefaction). Those 
of the upper lobe contain cholesterol and calcium deposits. The cavity walls are thin, 
showing tuberculous granulation tissue with an abundance of collagen fibrils, The smaller 
necrotic foci show a similar wide capsule of tuberculous granulation tissue. 

Bacteriologic Findings.—The central necrotic portion of a 5 mm. inspissated cavity 
was positive for acid-fast bacilli both on smear and culture, while the wall of this cavity 
was positive on culture although negative on prolonged examination of smears. The wall 
and central necrotic component of a second inspissated cavity were pooled for bacteriologic 
study and again showed acid-fast bacilli both on smear and culture. Viable tubercle bacilli 
likewise were recovered from two small (pooled) necrotic foci. 


Case 13.—W. A. was a 31-year-old Negro man, with bacteriologically proved bilateral 
pulmonary tuberculosis since 1949 and bilateral spread of disease plus evidence of a small 
cavity in the right upper lobe under a thoracoplasty in 1952. Prior to 1951 and in Janu- 
ary, 1952, the patient received a total of 320 Gm. of streptomycin in discontinuous courses 
administered daily but without regular PAS therapy. Complete resistance to streptomycin 
was observed, beginning May, 1951. The patient was placed on isoniazid, 300 mg, daily, 
and streptomycin, 1 Gm. twice weekly, on Nov. 7, 1952, and was continued on this regimen 
until the time of surgery. Four sputum specimens, taken after Nov. 5, 1952, were positive 
on smear but negative on culture. A single isolated specimen taken Dee. 8, 1952, was 
culture-positive. Bacilli isolated on this oceasion were resistant to 10 wg PAS, but sus- 
ceptible to 0.2 ug isoniazid and 3.5 wg streptomycin per milliliter of medium. Six sputum 
and gastric specimens taken subsequent to Dec. 8, 1952, and prior to surgery, were nega- 
tive by smear and culture. X-rays showed progressive clearing of the infiltrative lesions 
in the right lower and the left lung field and were considered stable by March, 1953. On 
June 17, 1953, a right upper lobectomy plus additional thoracoplasty was performed, At 
the time of resection the small cavity under the thoracoplasty could no longer be seen on 
tomograms or on x-ray of the inflated resected lobe. 

Pathologic Findings.—The specimen of the right upper lobe measures 11 by 6 by 3 em. 
Occasional necrotic foci varying in size from 1 to 3 mm. are present in the lung tissue and 
are surrounded by wide connective tissue capsules. There is a great increase of connective 
tissue within the lung parenchyma. There is no evidence of the presence of an inspissated 
cavity. 

At the time the specimen was first opened for bacteriologic examination a small, 
smooth-walled cavity was observed. Approximately one-half of it was removed for bac- 
teriologic studies. After the specimen was fixed in formalin, the remaining portion of 
the cavity was not seen. 

Microscopically, large portions of the lung tissue are replaced by loose and dense con- 
nective tissue. Lying within the zones of fibrosis are occasional small necrotic foci which 
are encircled either by hyalinized connective tissue or granulation tissue showing an 
abundance of collagen fibrils. A few small similar foci are present which contain no 
necrotic centers. 
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Serial sections reveal a small cavity space lined by a zone of hyalinized connective 
tissue. There are no specific tuberculous elements present within it. 

Bacteriologic Findings.—Half a-clean-walled cavity, including the wall and lung paren- 
chyma, was cultured and was positive for acid-fast bacilli on culture although negative on 
smear. 

CASE 14,—L, R., a 34-year-old white man, had had pulmonary tuberculosis since 1949. 
Between August, 1949, and February, 1950, the patient received an initial 60-day course 
of streptomycin, 1 Gm. daily, followed by a subsequent 15-day course of streptomycin, 1 
Gm. daily, plus PAS, 12 Gm. daily. This in turn was followed by PAS alone for approxi- 
mately 8 months, On Nov. 22, 1952, treatment with isoniazid, 300 mg. daily, and 
PAS, 12 Gm. daily, was initiated; this regimen was continued to the time of surgery. On 
Nov. 17, 1952, sputum was positive by smear and culture for acid-fast bacilli. Nine sputum 
and gastric specimens taken between Dee. 3, 1952, and April 138, 1953, were negative by 
smear and by culture. In November, 1952, the patient revealed a left apical infiltrate with- 
out distinct evidence of excavation. Lateral tomography, however, disclosed a thick-walled 
2.5 em. cavity in the superior segment of the left lower lobe. <A repeat left lateral tomo- 
gram taken April 21, 1953, revealed no evidence of a patent cavity. A resection of the 
dorsal segment of the left lower lobe was performed on May 4, 1953. X-ray of the inflated 
resected specimen revealed an inspissated cavity measuring 1.5 by 1 em. in size. 

Pathologic Findings——The specimen measures 10 by 9.5 by 2.5 em. A filled-in cavity, 
measuring 1 by 1 em. by 8 mm., is present. The lumen is filled with soft, yellow material. 
The cavity wall measures 1 mm. in thickness. A bronchus cannot be traced into the cavity 
with any definiteness. Occasional firm necrotic foci, varying in size from 2 to 5 mm., are 
present in the area around the inspissated cavity. 

Microscopically, the necrotic contents of the cavity are fragmented and intermingled 
with mucin and neutrophils. The cavity wall is composed of granulation tissue with an 
abundance of collagen fibrils. A bronchus opens into the eavity and shows an intact epithelial 


lining up to its entranee into the cavity. The small necrotie foci show the ghost forms of 
the underlying lung structure. They are surrounded by hyalinized connective tissue containing 


a few fibroblasts and epithelioid cells. 

Bacteriologic Findings——The central necrotic component of an inspissated cavity was 
positive for acid-fast bacilli both on smear and on culture while the wall of this cavity 
was negative for tubercle bacilli. 

Case 15.—L. B., a 26-year-old Negro man, had bacteriologically proved pulmonary tuber- 
culosis and right upper lobe cavitation. In October, 1951, the patient was started on strepto- 
mycin, 1 Gm, daily, and PAS, 12 Gm. daily, for a period of 4 months; this regimen was con- 
tinued without interruption with the exception that the streptomycin was administered only 
twice weekly after the first 6 weeks. On Nov. 7, 1952, isoniazid therapy was started and con- 
tinued without interruption until the time of surgery. PAS, 12 Gm. daily, was added to the 
regimen on Noy. 19, 1952. Ten of 11 specimens taken between Noy. 20, 1952, and May 6, 
1953, were negative on culture; a single specimen taken Dec. 8, 1952, was positive for tubercle 
bacilli. Smears were positive on 6 of these specimens, all 5 specimens taken after Jan. 5, 
1953, being negative on smear as well as on culture. X-rays showed progressive shrinkage of 
the lesion in the right upper lobe, as well as clearing of the seeding in the left lung. Stability 
on x-ray was obtained by February, 1953; at that time the right upper lobe was converted 
into a shrunken atelectatic mass with the cavity lost to view. A right upper lobectomy was 
performed on May 19, 1953. X-ray of the inflated resected lobe revealed no cavity. 

Pathologic Findings.—The specimen of the right upper lobe measures 7 by 6 by 4 em. 
A radial sear, measuring 3.5 bv 1 em. by 7 mm., is present in the posterior and lateral 
aspect of the lobe. A bronchus euds abruptly in the scar. Superior to the scar is a 4 mm. 
soft, liquefied focus surrounded by a narrow gray zone. A group of necrotic foci, varying 
in size from 1 to 3 mm., are also present in other parts of the lung tissue. 

Microscopically, the radial scar is composed of loose and dense connective tissue 
which gradually tapers off among the surrounding alveolar septa. The liquefied focus 
shows the necrotic fragments intermingled with neutrophils. This is encircled by a layer 
composed of collagen fibrils with epithelioid and giant cells. 
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Serial sections show a bronchus opening into the cavity (the 4 mm. liquefied focus 
leseribed above). The epithelial lining is intact as it enters the cavity. 

Bacteriologic Findings——A piece of lung tissue, containing small liquefied areas, was 
nipped for bacteriologic study; although smears were positive for acid-fast bacilli, organisms 
vere not recovered on culture. A bunch of small necrotic, partially calcified foci in contrast 
vere positive for tuberele bacilli on culture, although negative by smear. 

Comment.—lour of the 19 patients had received previous courses of 
antimicrobial therapy, terminating 3 to 21 months prior to institution of the 
preoperative course of chemotherapy. All had received from 5 to 10 months 
or more of chemotherapy immediately preoperatively, and all were bacterio- 
logically negative by smear and culture for at least 3 to 6 months preopera- 
tively. Cavity closure was observed morphologically in each ease. 

Control Cases—Four of the 19 cases were considered as controls. Of these, 
two (Cases 16 and 17) had received either no or essentially no chemotherapy 
preoperatively, while two had open cavities (Cases 18 and 19) at the time of 
resection. One of the two patients with open eavities had had 12 months of 
preoperative chemotherapy (Case 18), while cultures (but not smears) from 
this patient had been negative for eight and one-half months prior to surgery. 
All lesions from all control patients were culture-positive for MW. tuberculosis. 


DISCUSSION 

As indicated by data reported herein and also in a previous publication 
hy the present authors,”* viable tubercle bacilli were recovered from 7 of 11 
original treatment eases and from all of 4 retreatment and 4 control eases. 
Such viable cells were detected as frequently from original as from retreat- 
ment cases, and as frequently from patients who had had 8 to 12 months as 
from those who had had 4 to 8 months of chemotherapy. 

Most of the patients in this group received streptomycin twice weekly 
in combination with PAS daily. Five patients received isoniazid daily together 
with streptomycin or PAS. Since none of the patients in our series received 
daily streptomycin during the immediate preoperative period, no comparison 
can be made therefore between daily and twice-weekly streptomycin regimens. 
Indeed, the data to date fail to suggest any significant difference among the 
regimens used in this series. 

The majority of patients in the group reported by D’Esopo and his asso- 
clates* received daily streptomycin in combination with PAS. D’Esopo* 
stated that this may be one of the factors which may account for the difference 
hetween their findings and ours. He pointed out that patients receiving strep- 
tomyein, 1 Gm. twice weekly, and PAS, 12 Gm. daily, show an appreciably 
higher incidence of viable bacilli than those receiving streptomycin daily. He 
found the ineidenee of viability in patients receiving twice-weekly strepto- 
iyein to be approximately 35 per cent. The incidence in our study on similar 
regimens is 73 per cent. He also indicated that as far as preoperative chemo- 
therapy is concerned, there is a greater opportunity for bacteriologically neg- 
itive results if it is used in excess of 8 and possibly in excess of 12 months. 
The statement has been made by D’Esopo and associates, however, that the 
patients whom they have selected for resection were mostly ones who had 
heen treated ‘‘with an arbitrary minimum period of four months of preopera- 
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tive chemotherapy.’’ An attempt was made in the selection of our material 
for this study to follow as closely as possible the criteria set down by these 
authors. Thus, all patients in this report received more than 4 months of 
chemotherapy ; a number received more than 8 months, although none received 
more than 12 months. The findings of Steele and his associates’ are of interest 
in this respect. Their results show no great difference in the recovery of via- 
ble bacilli in the two regimens. In Steele’s group receiving origina! treatment 
for 4 to 8 months, viable organisms were recovered in one of 16 cases receiv- 
ing daily streptomycin and in none of 6 cases receiving the drug twice weekly. 
In the group receiving daily therapy from 8 to 24 months, viable bacilli were 
recovered from 3 of 33 cases and from 3 of 39 eases receiving streptomycin 
twice weekly. 

If the difference in the viability of organisms lies in the use of daily 
streptomycin over long periods of time, then this would greatly alter the 
approach toward chemotherapy. The almost universally accepted use of 
streptomyein today is on a twice-weekly basis combined either with PAS or 
isoniazid daily. 

The recovery of viable strains of M. tuberculosis from the lesions described 
in the present report leads one to wonder what may be their clinical signifi- 
eance. It is of interest in this regard that, on subculture, all strains were 
highly virulent for guinea pigs. The significance of guinea pig virulence in 
relation to the ability of an organism to produce disease in man has never been 
firmly established; nonetheless, it has been assumed implicitly over the years. 
Of further interest is the fact that all straits recovered were highly suscep- 
tible to 0.1 pe of isoniazid per milliliter of medium, and all but one was suscep- 
tible to 1 pg of streptomycin per milliliter of medium. 

From the data presented, it seems probable that improved cultural tech- 
niques may inerease the frequeney with which viabie tubercle bacilli may 
be recovered from necrotic foci, including inspissated cavities. These findings, 
however, suggest further that either duration of chemotherapy may be more 
important than has been indicated previously and must exceed 12 months in 
order to assure sterilization of the lesion, or the chemotherapeutic regimen 
employed may be more important than has been apparent in the past. 

Of prime importance, in relation to the present study, is the fact that 
tuberele bacilli may survive in inspissated tuberculous cavities even after 
extensive chemotherapy and that the survival of these organisms can be dem- 
onstrated in so large a proportion of cases. 

Tuberculous cavities which close by inspissation of the necrotic contents, 
under chemotherapy, show a communicating bronchus. As has already been 
pointed out, the bronchus is re-epithelized as it enters the cavity. The re- 
epithelized surface of the bronchus at the bronchocavitary junction means 
that there will be a communication with the necrotic contents of the cavity and 
other parts of the lung parenchyma. Since the necrotic contents may again 
become liquefied through the invasion of polymorphonuclear leukocytes, the 
presence of viable organisms remains as a threat to the patient. 

There are several features of the fate of the inspissated cavity which still 
need explanation. There are many cases where cavities have closed with in- 
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spissation of the neerotie contents under chemotherapy which have been ob- 
served for several years after the cessation of such therapy. No spread of dis- 
ease has been observed in such eases. Other similar cases have been followed 
where the inspissated cavity has shelled out (during chemotherapy and also 
subsequent to it) without the development of new tuberculous disease in other 
parts of the lung. 

We believe that Case 11 is of extreme significance in our approach to the 
evaluation of open healing. Viable bacilli were found in a single necrotic 
'ragment attached to a cavity wall. Microscopie examination of the cavity 
wall in various sections: showed a loss of specific tuberculous elements. Per- 
haps serial sections of this cavity may have shown some tuberculous foci still 
present. The observations in this ease pose several questions. Patients showing 
open cavity healing under prolonged chemotherapy with long periods of nega- 
tivity may still contain necrotic fragments in which are lodged viable tubercle 
bacilli. Since there is no method of determining roentgenographically when 
all the necrotic fragments have disappeared from the lumen of the cavity and 
since all investigators have found a high percentage of positive cultures from 
resected cavities despite negative sputum and gastric cultures, it is at present 
agreed that chemotherapy should not be stopped until all open cavities are 
resected. 

SUMMARY 


A celinicopathologie correlation with microbiologic observations was per- 
formed on resected tuberculous lesions from 19 patients. Four of the 19 
patients were considered as controls. Fourteen of the remainder had received 
from 4 to 12 months of chemotherapy preoperatively and showed morphologic 
evidence of cavity closure. One had received 11 months of chemotherapy pre- 
operatively and showed evidence of an open cavity with healing. The recov- 
ery of viable tubercle bacilli from the 4 control patients,and also from 11 of 
the 15 original and retreatment patients has been reported. 

No correlation between the presence of viable tuberele bacilli in tubereu- 
lous lesions and duration of chemotherapy, drug regimens used, duration of 
the preoperative period, noninfectiousness, or the anatomic nature of the le- 
sions could be demonstrated in this study. 

Based on the findings reported herein, inspissated cavities with eommuni- 
eating bronchi, after prolonged chemotherapy on regimens universally used 
today, are potentially dangerous in a high percentage of cases. 

We should like to express our thanks to Mr. Massy M. Nakamura, for the illustrations 
in this article. 
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DISCUSSION 

DR. ALFRED GOLDMAN, Beverly Hills, Calif—About two or three years ago we 
vegan to study tubercle bacilli from resected surgical specimens. At that time we were 
nterested in streptomycin resistance in streptomycin-treated patients who had lung resec- 
ion for tuberculosis. Approximately 120 surgical specimens were cultured from the re- 
eeted lungs and we could never determine in cultures from any of these specimens in 
vhich we recovered tubercle bacilli any difference in the resistance to streptomycin of the 
‘rganisms recovered and the resistance of organisms found in the sputum. Subsequently 
we studied another group of 41 patients who had segmental resections, In this group, the 
lata on which are published in the last Transactions of this Association, we recovered only 
wo positive cultures in those patients, of whom there were 26, who had negative pre- 
perative sputum. Smears and cultures were negative for at least six months preopera- 
tively. Subsequent to this, we have a third group of patients now under study, and it is 
vith regard to these that I wish to speak. 

This is a group of 29 cases, none of which have had less than four months of treat- 
nent, isoniazid, PAS, and streptomycin, 1 Gm., twice a week, whereas the original group 
ve studied had streptomycin daily five times a week. In this group we have been able to 
ecover viable tubercle bacilli with more assiduous study than the routine study used 
previously, approximately thus far (and the study is still going on) 50 per cent as com- 
pared with the 7 per cent just reported, of viable tubercle bacilli in these lesions; most 
f which were closed lesions or blocked cavities. 

(Slide) In this respect our results parallel those which were just reported by Dr. 
\uerbach. This slide represents a segmental resection in a patient who had a filled-in 
cavity clinically, and this is the drawing of the segmental resection; preoperatively the 
sputum was negative and the culture from this is negative. 

(Slide) This is a summary of the present status of this study. We may for practical 
purposes conclude that all the cases below this line had negative preoperative sputa on 
smear and culture. Most of these were negative on more than twelve cultures. Yet you 
see that about five of them had positive viable tubercle bacilli obtained from the specimens. 

To me this type of study has a great significance in the management of the patient, 
and this is the point I wish to make. Today it seems that many of our beds are taken up 
hy patients in the sanatoria who are no longer a menace to society. We can use these 
bacteriologic criteria obtained from our surgical specimens for decision as to early ambula- 
tion and early discharge. For example, take the patient whose specimen you saw projected 
in the slide; that patient was ambulatory within six weeks after segmental resection and 
was discharged from the hospital within four months. It seems to me that this type of 
study offers the opportunity for us to acquire more scientific criteria as a basis on which 
to make the decision of early ambulation and early discharge after pulmonary resection. 


DR. EDWIN J. GRACE, Brooklyn, N. Y.—When we are speaking of chemotherapy 
[ think it is important to consider certain fundamentals in medical semantics and to define 
ust what we mean by modern chemotherapy. We have some very reliable data on this 
acteriologic phenomenon. First, these specimens of viable tubercle bacilli from the so- 
alled healed lesions are probably bacteriologic mutants that one would anticipate emerg- 
ing from inadequate topical chemotherapy. With modern chemotherapy it is necessary 
» go back almost 100 years and integrate the Mendelian law (genetics) directly to cur- 
ent clinical bacteriology; when these laws are applied, the viable bacteria are prob- 
ally mutant strains arising from the original tubercle bacillus. Second, if we carefully 
udy the original Petri dish reported by Fleming twenty-five years ago, most of the 
eteria present about the penicillin were destroyed, and the lethal effect increased in 
eet proportion to its intimacy with the chemotherapeutic agent (penicillin) and the 
w remaining colonies in this same area we now recognize as resistant strains or mutants. 
ird, Florey, shortly after World War II, spoke at Yale University and clinically brought 
the important point of applying the chemotherapeutic agent directly to the wound. 
a case report from the North African campaign of the British Army, he applied topically 
1 t more than 20,000 units of penicillin for two days into a ghastly wound of the thigh in 
\ ich all the muscles were split across by a shell, and the sepsis was cleared up. 
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(Slide) If we use this therapeut.e concept, we now recognize that the most lethal 
chemotherapeutic combination to destroy the tubercle bacillus and prevent the emergence 
of resistant strains is a combination of streptomycin and isoniazid (Streptohydrazid) 
applied topically with a detergent in an aerosol mist to the primary focus in the lung. 
This x-ray shows a moderat«ly advanced lesion in the apex of the left lung of two months’ 
duration with a combination of 236 mg. of isoniazid and 1 Gm. streptomycin dissolved in 
8 ce. of a detergent (Alevaire) inhaled deeply in an aerosol mist for three weeks and a 
like amount given intramuscularly with PAS and isoniazid (Parasal) orally. In three weeks 
the lesion had cleared, and sputa were negative in four weeks. Eleven-month follow-up 
showed no symptoms, all six cultures negative, chest and tomograph negative. He has 
been gainfully employed for six months as a dancing teacher. In other words, the im- 
portant thing we must realize at the start of all chemotherapy is to direct our therapy 
not to induce further chronicity by allowing preventable bacteriologic mutants (viable 
tubercle) to emerge. 

(Slide) At the meeting held after the war in St. Louis in 1947, I noted that, from 
declassified data obtained from the technical division of chemical warfare on so-called 
gas warfare, it was possible to use an antibiotic (penicillin) with a detergent (Zephiran 
chloride) to produce a mist and inhale it deeply into the lung for therapeutic purposes. 
At that meeting I had this slide with me but hesitated to present it because of the limited 
follow-up of only a few months. However, I did show it later to some members of this 
Association from Houston, Texas. This patient, after two years of unsuccessful treatment, 
had a severe hemorrhage. She was given fundamentally the same type of inhalation ther- 
apy for a longer period, one month, using penicillin and streptomycin dissolved in a deter- 
In four months the extensive cavity of the left lobe, the infiltration of 


gent solvent. 
With semiannual checkups 


the right had become fibrosed and all cultures (11) are negative. 
for seven years this patient has been an active housewife and is in good health, 

The clinical importance of this paper of Hobby, Auerbach, and associates from our 
experience is that with chemotherapeutic agents now available to prevent, probably, the 
viable tubercle bacilli or mutants from emerging, this simple but biologically sound con- 
cept shouid be considered before any surgical or compression therapy. 


[Dr. Grace asked the editor for permission to include in his discussion 
a letter from Dr. Vernon Bryson, a geneticist, concerning the interpretation of 


Fleming’s original penicillin plate-——Editor. | 


Dear Dr. Grace: 
You will reeall that we recently had a conversation on the nature of the 


colonies evident in your photograph of Dr. Fleming’s original discovery of peni- 
cillin. It seems to me most likely that what we observe here is inhibition, rather 
than the selection of mutants. This viewpoint is supported by the visual evi- 
dence that colonies are well separated and growing normally on the Petri dish 
in regions well removed from the contaminating penicillin. If my recollection is 
correct, there could have been no more than about fifty bacteria on the plate 
(assuming a random distribution) at the time the colonies started to grow. This 
number is too small to include rare types of mutants, except on very infrequent 
occasions arising from early mutation in the growth of the parent culture. As 
a second point, all colonies appear to be identical in their response to the anti- 
biotic, growing if distant, and failing to grow if close to the penicillin. A single 
resistant mutant would grow well and stand out by contrast with its inhibited 
neighbor, but no such conspicuously resistant colony can be found . .. all seem 
inhibited about equally. One may therefore assume a small number of sensi- 
tive cells were present, together with the contaminant and that the size eventu- 
ally reached by colonies growing from these cells was controlled by the distance 
from the penicillin source. 
Yours sincerely, 
VERNON BRYSON 





AUERBACH ET AL.: TUBERCLE BACILLI IN RESECTED LESIONS 135 


DR. EDWARD 8S. WELLES, Saranac Lake, N. Y.—I am very much encouraged by 
Dr, Auerbach’s paper. I have been one of the most ardent disbelievers in the death of 
he tubercle bacillus. At an open meeting recently, Mr. Steenken assured us that the 
rganisms were dead and, at the same panel table, I assured the audience that they must 
1ot believe a word of it. His low percentage of cultures in animals lent a good deal to 
lis side of the argument. Now that Dr. Auerbach has told us about 73 per cent positives, 
| feel that if he goes on with his present methods or possibly finds an even better method, 
iis 73 per cent will rise to 98 per cent. I hope that a year from now Dr. Auerbach will 
ome to Atlantie City and show us a much higher percentage than even 73 per cent. 

I should like to ask if this experiment is being carried on with another group of cases 
hat have had streptomycin therapy daily. 


DR. OSCAR AUERBACH, East Orange, N. J. (Closing).—In answer to Dr. Welles’ 
juestion, I should like to say that beginning last month we have started a joint study with 
Dr, D’Esopo and his group at West Haven in which he is submitting his material to us at 
he beginning of each month; and we at East Orange are processing our material at the 
nd of each month; and we hope in that way to be able to answer one or both of the 
juestions brought up in our discussion, 

There are one or two things I would like to say about this study. One is that this 
basically is a research problem; the routine laboratory does not have the facilities to 
‘arry on this extensive bacteriologiec study. Another point of interest is that those cases 
in which we ean find no communicating bronchus at the time of gross examination are 
submitted for serial sections, another procedure which cannot be done in the routine 
laboratory. I should like to reiterate at this time that when we made the statement that 
the necrotie foci, which have never liquefied, do not communicate with the bronchus, this 
has been ascertained by serial section. We do not consider the small necrotie foci poten- 
tially dangerous on the basis of these serial studies. That the process is open to many 
questions is illustrated by the fact that one of the cases gave a positive sputum by smear 
and culture, shortly before section. We saw nothing on gross examination except small 
necrotic foci, and when we proceeded with serial section of the lung we found a partially 
epithelized cavity with a few Langhans giant cells still present in the wall without any 
necrotic fragments present. Thus, the one necrotic fragment still present was evacuated 
preoperatively, and we were able to get a positive smear and culture from it. 

These are all very intriguing and almost hopeless problems from the point of view 
of roentgenographic and clinical studies which we hope will be cleared up in the future. 





RESECTION SURGERY IN TUBERCULOSIS 
COMPLICATIONS AND AFTER-HISTORY 


RicumMonp Dovatass, M.D.,* E. B. Boswortu, M.P.H.* (By INVITATION), 
IrHaca, N. Y., AND JAMES M. Jupp, M.D.** (By INVITATION), AND 
K. H. Cuane, M.D.** (By iNvITATION), Mr. Morris, N. Y. 


T THE present time, resection surgery in pulmonary tuberculosis is in 
the phase of development and study. Ryan, Medlar, and Welles’ have 
proposed the thesis, based on extensive pathologie investigation, that it is 
feasible to excise residual necrotic lesions which constitute a threat to the con- 
tinued health of the tuberculous patient. Chamberlain and associates? have 
reviewed those surgical principles which are applicable to segmental resection, 
including the postoperative care. Our purpose is to present a series of pul- 
monary resections which were performed pursuant to the thesis advanced by 
Ryan, Medlar, and Welles and in accord with the surgical principles described 
by Chamberlain and associates. A review will be made of the type of opera- 
tion, the attendant risks, the postoperative complications, and the initial period 
of the ‘‘after-history.’’ These data will, in due course, permit comparison 
with results obtained by other regimens and will aid in determining the proper 
use of resection procedures. 

The present study includes 589 consecutive pulmonary excisions for tuber- 
culosis performed during the years 1949-1953 inclusive, 246 at the Mt. Morris 
Tuberculosis Hospital and 343 at the Hermann M. Biggs Memorial Hospital. 
Not ineluded are 10 additional patients whose chests were opened surgically, 
but in whom no resection was performed because: the disease was too wide- 
spread in 7; no nodular disease was found in 1; and a change in the patient’s 
condition did not permit resection in 2. One of the latter had cardiac arrest 
treated by thoracotomy and massage with complete recovery. All the pa- 
tients received drug therapy utilizing streptomycin, para-aminosalicylie acid, 
isoniazid, or viomycin in one or more combinations. -The duration of this 
therapy varied rather widely. In general, operation was undertaken when it 
was believed that maximum x-ray clearing of disease had occurred, but no 
arbitrary period of stability was required. Absence of tubercle bacilli from 
concentrated sputum was considered highly desirable but not an absolute 
criterion for acceptance for surgery. An adequate respiratory reserve was 
a prerequisite, and function studies, including bronchospirometry, were made 
as indicated. 

The patients have been divided into two subgroups: (1) The ‘‘Salvage’’ 
group, totaling 110, included 55 patients with thoracoplasty failure, 31 with 
cavities exceeding 1 em. in diameter persisting under pneumothorax or despit: 
chemotherapy, 8 with destroyed lungs, 7 with tuberculous empyemata, an: 
9 with bronchostenosis; for these, 120 operations were performed; and (2) the 


Read at the Thirty-fourth Annual Meeting of The American Association for Thoraci’ 
Surgery at Montreal, Quebec, May 3-5, 1954. 


*Hermann M. Biggs Memorial Hospital. 
**Mt. Morris Tuberculosis Hospital. 
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‘‘Elective’’ group, totaling 397, had 469 operations. The indications for opera- 
tion in this group were the presumed presence of necrotic lesions which had 
persisted after a course of drug therapy and the probability that these lesions 
continued to harbor viable mycobacteria. The hazard of relapse was thought 
to be more serious than the risk of operation. 


OPERATIONS: COMPLICATIONS—MORTALITY 


We will review a total of 589 operations, 74 of which were on the contra- 
lateral lung while 8 were second operations on the same side. The operations 
are identified by the largest unit of lung removed, lesser accessory procedures 
being omitted. That is, a lobectomy with an associated subsegmental resection 
is recorded as a lobectomy. The stage of disease (N.T.A. Standards, 1950) 
here presented reflects the extent at the time preoperative drug therapy was 
initiated, changes resulting from drug therapy being disregarded. 


TABLE I. OPERATIVE PROCEDURES BY STAGE OF DISEASE PriIoR TO DRUG THERAPY 











STAGE PRIOR TO DRUG THERAPY 
| MODERATELY FAR 
| ADVANCED | ADVANCED 





PROCEDURE TOTAL MINIMAL 
All procedures 589 114 354 121 
Pneumonectomy 40 10 30 
Lobectomy 129 5 82 42 
Segmental resection 214 149 27 
Subsegmental resection 206 113 22 














TABLE IIT. NUMBER AND TYPE OF OPERATIVE PROCEDURES BY YEAR AND SUBGROUP 








TOTAL - PNEUMONEC- 
PROCEDURES TOMY LOBECTOMY RESECTION 


SEGMENTAL | SUBSEGMENTAL 
RESECTION 








ELEC- | 
TIVE 





YEAR OF SAL- | ELEC- | SAL- | ELEC- | SAL- | | SAL- | ELEC- | SAL- 
OPERATION | vace | tive | vace | tIvg | vAGE | ‘vive | vaGE | TIVE | VAGE 
Total 120 469 36 4 ae 70 18 198 

1949 18 4 6 9 2 1 


1950 22 16 8 1 12 6 7 
1951 28 63 10 1 13 12 

1952 15 201 2 ] 20 
1953 37 185 10 1 1 30 











TABLE III. CAUSES OF DEATH: POSTOPERATIVE AND LATER 





a | SALVAGE | ELECTIVE 








Deaths—early postoperative 
Cardiorespiratory failure 6* 
Serious blood loss 
Vascular accident 
Intrapulmonary bleeding 
Cardiac arrest 
Progressive tuberculosis (spread ) 

Deaths after 60 days 
Tuberculosis—contralateral at 27 mo. 
Amyloid disease at 40 mo. 
Unexplained hemoptysis at 51% mo. 





*Vascular accident contributed to one in each group. 


Table I presents the type of operation by stage of disease and 
“<planatory. Fig. 1 shows the distribution of operations graphically. 
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Table IL presents by calendar year the number of elective and salvage 
operations performed and reflects a change in the choice of therapy, based in 
part upon the observed safety of the procedures used. 

Deaths.—Table III shows the 19 deaths, all but 3 of which occurred within 
sixty days after surgery. Fourteen of the early deaths were directly related 
to the operation while 2 were due to progressive tuberculosis following a post- 
operative spread of disease. Of the late deaths, 1 was due to an exacerbation 
of tuberculosis, 1 to amyloid disease, and a third to an unexplained massive 
pulmonary hemorrhage occurring six months after operation. 


a 
2, 


42 
AWN 


\ 
WN 


wn 
oF, 


NS 
WN 
LUNG LOBE SEG SUBS LUNG LOBE SEG SUBS 


MOD. ADVANCED FAR ADVANCED 


NUMBER OF OPERATIONS 








LUNG LOBE SEG SUBS 
MINIMAL 


Fig. 1.—Pulmonary resections for tuberculosis by portion of lung removed and stage of disease. 


Table IV shows the deaths in relation to the type of operation. 

Complications.—The frequency and severity of nonfatal complications is 
particularly important in assessing the use of surgery in ‘‘elective’’ cases. 
Seventy-nine or two-thirds of the 120 salvage operations and 387 or four-fifths 
of the 469 elective procedures were uncomplicated. 


TABLE IV. DEATHS: To SHOW RISK, AND TIME OF DEATH IN RELATION TO OPERATIVE 
PROCEDURE USED 








NUMBER OF DEATHS 
SALVAGE | ELECTIVE 


TOTAL PROCEDURES | 
SALVAGE | ELECTIVE | 








PROCEDURE 





Pneumonectomy 
Lobectomy 
Segmental resection 


Subsegmental resection 


36 


ol 


4 Postoperative 
Late 
70 Postoperative 
Late 
Postoperative 
Late 
Postoperative 
Late 


1 blpret =| 





Table V shows that serious complications were significantly more fre- 
quent among the salvage operations than among the elective operations and 
more frequent among lobectomies and pneumonectomies than among the less 


extensive excisions. 
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TABLE V. COMPLICATIONS BY OPERATION, SALVAGE OR ELECTIVE. IN THE FEW INSTANCES OF 
DouBLE COMPLICATIONS FOR ONE OPERATION, ONLY THE Most Serious Is LIisTED 











TOTAL LUNG | LOBE SEGMENT | SUBSEG. 
sa | E s | E| 8s E 
TOTAL NUMBER OF PROCEDURES 120 469 5 70 18 198 


SERIOUS COMPLICATIONS AMONG 
SURVIVORS 














Vascular accidents ~ 
Tuberculous empyema with bron- 5 . l 
chopleural fistula 
Nontubereulous empyema with 
bronchopleural fistula 
Nontuberculous empyema without 
bronchopleural fistula 
Tuberculosis of bronchial stump 
Tuberculous spread (within 2 mo, 
of operation) 
Late tuberculous exacerbations 
Nontuberculous pneumonia 


Total serious complications 
MINOR COMPLICATIONS AMONG 
SURVIVORS 














Late alveolar leaks 
Persisting pneumothorax pocket 
Hemothorax 
Persistent pleural fiuid 
(uninfected ) 
3ronchial secretions requiring 
aspiration 
Chest wall infection 2 
Miscellaneous minor compications ~ 2 
Total minor complications 9 67 











It is convenient to discuss the complications in relation to the site of oe- 
currence: pulmonary vascular system, pleural space, and bronchial tree. 

Vascular accidents: The 8 vaseular accidents occurring during surgery 
were relatively more frequent among the salvage cases. Because of bleeding 
‘rom torn vessels, 2 planned segmental resections and 2 planned lobectomies 
were converted to pneumonectomies; 1 of the patients in the latter group died. 
In 2 of the removed lungs, the pathologist noted unusually thin pulmonary 
artery walls with associated delicate lung structure. In a fifth ease, a torn 
left pulmonary artery was closed by sutures at the pericardium; resection was 
not performed, but cyanosis persisted to death hours later. Permission for 
iutopsy was not obtained. A torn left pulmonary artery during lobectomy 
‘f a residual lower lobe was controlled, but the patient died due to excessive 
volume of blood loss. In 1 ease, bleeding was a factor in cardiae arrest. In 
he eighth case, the ligatures slipped from the left pulmonary artery just be- 
ore completion of a pneumonectomy. The bleeding was controlled and the 

atient recovered. 

Pleural space complications: Chamberlain and co-workers have empha- 
zed the necessity for evacuating air and blood from the pleural space and 
curing prompt re-expansion of the lung. The two elements of this problem 

e reviewed separately. 





140 THE JOURNAL OF THORACIC SURGERY 


(a) Air enters the pleural space from the raw lung surfaces which are 
present following resections with the exception of a few lobectomies and the 
pneumonectomies. As a rule, this leakage of air has its origin in alveoli or 
small bronchi and is attributed to ‘‘alveolopleural fistulae’? by Johnson and 
Kirby,® but it may also be due to imperfect bronchial stump closure. The 
postoperative management is designed to re-expand the lung to bring about 
apposition of tissues and thereby to promote healing. With good response, 
suction can be discontinued in forty-eight to seventy-two hours, but if re- 
expansion of the lung is slow, suction for as long as three weeks is occasionally 
required. 

Apical pneumothorax pockets may persist despite efforts at re-expansion. 
Observations by needle aspiration have demonstrated that some may have 
a small bronchial opening. 

Pneumothorax may recur two to ten days after suction is discontinued, 
and on one occasion in our experience it developed after seven weeks. These 
pneumothoraxes are usually due to ‘‘late leaks’’ or ‘‘alveolopleural fistulae,’’ 
although they may be a manifestation of a true bronchopleural fistula. The 
distinetion between these types of air leakage has not been clearly defined, 
but appears to be real. It is suggested that in future studies they should be 
reviewed separately. In our experience, the ‘‘late leaks’’ may be asympto- 
matie with pneumothorax detected only on routine fluoroscopy, they may be 
noted by the patient as ‘‘noises in the chest,’’ or they may cause significant 
dyspnea. On the other hand, true bronchopleural fistula is related to imper- 
feet healing of a bronchial stump and is marked by continued free flow of air, 
failure of lung to expand, and the frequent development of empyema as a 
complication. 

Apical pneumothorax pockets occurred in 12 patients: 9 received no treat- 
ment and have had no complications; 2 were treated by thoracoplasty; and 
1 was treated by thoracotomy, decortication, and repair of bronchial opening. 

Late leaks oceurred in 30 patients and responded satisfactorily to either 
needle aspiration or catheter suction. These, in conjunction with the 12 apical 
pockets accounted for 42 postoperative pneumothorax problems. Forty oce- 
curred after elective operations and accounted for one-half the complications 
occurring in this group. Pneumothorax complicated lobectomy in 2 instances, 
segmental resection in 28, and subsegmental resection in 12. 

Bronchopleural fistula occurred in 7 patients and was complicated by 
tuberculous empyema in 4 and nontubereulous empyema in 3. The manage- 
ment and course is discussed in the paragraphs on empyemata. 

The incidence of alveolopleural fistulas has decreased with a change in 
management of the raw lung surfaces. The initial desire to avoid distortion 
of lung required leaving the surfaces unapposed. The occurrence of late leaks 
led to a policy of approximating the pleural edges, by interrupted silk sutures, 
at the site of local excisions, or subsegmental resections. The next step was 
the apposition of the raw surfaces left by segmental resections whenever pos- 
sible. A limited distortion of the lung was accepted as the price of a less- 
complicated convalescence. 





DOUGLASS ET AL.: RESECTION SURGERY IN TUBERCULOSIS 141 


(b) The problem of fluid in the pleural space is more serious than post- 
operative pneumothorax. 

Nontubereulous empyema occurred in 8 patients. It was limited in ex- 
tent in 4, 2 of whom responded to antibiotics and 2 to simple drainage. An 
infected hemothorax following pneumonectomy responded to varidase and 
antibioties. Bronchopleural fistula was a complicating and probably causative 
factor of empyema in the remaining 3; treatment took the form of thoracot- 
omy, closure of fistula, and limited thoracoplasty and was successful in all, 
although 1 patient required a second operation. 

Tuberculous empyema occurred in 4 instances—always in association with 
a bronehopleural fistula. Lobeetomy was successful in 1 and failed in 1; a 
third patient recovered following drainage, and the fourth following thoraco- 
plasty. 

Hemothorax occurred after 12 operations. Persistent postoperative bleed- 
ing required open thoracotomy for control of bleeding on 2 occasions; 1 pa- 
tient recovered uneventfully, the second died of overtransfusion. Of the re- 
mainder, deeortication was used once and varidase on 3 occasions, while 6 
patients recovered without intervention but with the expected local pleural 
thickening. It is our impression that this complication can be minimized by 
care in dealing with adhesions. Bleeding from pulmonary vessels is, in our 
experience, a less common cause. Hemothorax of significant degree merits 
prompt attention. 

Uninfected fluid accumulations of significant extent occurred in 5 patients 
and all responded well to aspiration. 

Bronchial Tree.—The airways were a less frequent site of complications. 
Retained secretions required bronchoscopy in 11 patients. This relatively low 
incidence reflects good postoperative nursing care and the successful use of 
endotracheal catheter suction. Only 1 instance of spread was noted in the 
area of retained secretions. 

Uleeration of the bronchial stump was observed in 2 patients. One had 
an exacerbation of disease, while a second had progressive active disease and 
died. 

Postoperative spread of tuberculosis was noted in 7 patients; 3 were in 
the homolateral lung and 4 in the contralateral. Three have recovered; 2 are 
currently active; and 2 died of progressive disease. 


Other Complications—Other complications noted include tuberculosis of 
he chest wall in 1. Nontubereulous bronchopneumonia occurred 3 times, all 
patients recovering. Nontuberculous chest wall infections of limited extent 
‘eeurred in 3. Unintentional interruption of the phrenic nerve occurred in 
, and thrombophlebitis in 1. 


Significant complications occurring later than the sixty-day postoperative 
eriod are: tuberculosis of the chest wall twice at seven and eighteen months, 
ind 5 exacerbations of pulmonary tuberculosis observed between four and 
ine months. 
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THE AFTER-HISTORY 


The first section of this paper has dealt with the ‘‘risks’’ of resection 
surgery. It is now proposed to assess the benefits of the procedure. This type 
of surgery has been carried out in the belief that necrotic lesions constitute 
the source of spreads and relapses and that the excision of such lesions re- 
sults in freedom from exacerbation of tuberculous disease. The degree of such 
freedom should be complete if all lesions are removed and relatively good if 
all filled or open cavities and major areas of disease are removed. Medlar* 
has shown that tuberculous lesions in the lower portions of pulmonary lobes 
seldom progress to liquefaction and cavity formation, unless they are large. 
Hence, residual lesions located in the dependent portions of the lobes should 
have a better prognosis than the lesions of similar size that are located in the 
apical and posterior segments of the upper lobes and the superior segments 
of the lower lobes. 

In our early experience, streptomycin was given alone with the hope that 
it would provide bacteriostasis during the operative period. It soon became 
evident that long courses of streptomycin, para-aminosalicylic acid, or isoniazid 
in any combination aided the process of resolution of non-necrotic tuberculosis 
and thereby decreased the volume of diseased lung requiring resection. Ac- 
cordingly, x-ray stability became a guide to the optimum time for operation, 
but as experience accumulated, shorter periods of preoperative stability came 
to be accepted as adequate. With the exception of the early short-term 
therapy, drug treatment in preparation for surgery was attended by relatively 
uniform beneficial effect as evidenced both by the pathologie studies and the 
postoperative course. 

It was later recognized that, in spite of long-term drug therapy, areas of 
new disease are demonstrable in resected specimens and drugs, therefore, do 
not completely prevent extension of tuberculosis despite negative culture find- 
ings on sputum or gastric washings. As a corollary, spread during operation 
may occur. This observation was regarded as an indication for the use of 
drugs for an adequate postoperative period, the aim being to secure resolution 
of any new area of disease before necrosis develops. The more recent cases 
have, therefore, had a minimum of three to four months of postoperative drug 
administration. 

The follow-up data will be presented in aceord with the anniversary 
method of Bosworth and Alling,’ which affords a continuing picture of the 
after-history. The present review is of necessity a preliminary report, as five 
to ten years of follow-up will be required to give the full story. Studies of 
both thoracoplasty cases (Douglass*) and minimal eases (Lineoln and associ- 
ates®) have shown that relapses continue to oceur during and after the ten- 
year period. The hazard of relapse is greatest, however, during the first three 
years after reaching an arrested status, and this follow-up covering the first 
two postoperative years should give an indication of the value of these re- 
section operations. 
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The after-history of the (1) salvage group will obviously differ from the 
elective group and will be presented separately. The elective group will be 
subdivided into (2,a) those in whom only the major foci were removed, and 
(2,b) those in whom all recognizable disease was removed. The composition 
of each group by age, sex, and stage of disease is shown in Table VI. 

In each subgroup the patient’s status will be reported as (1) ‘‘Satisfac- 
tory’’ if sputum and gastric washing examinations (excluding the first seven 
postoperative days) were consistently negative and chest roentgenograms re- 
mained stable. (Essentially equivalent to Inactive, N.T.A. Standards, 1950.) 

(2) ‘‘Doubtful’’ if one to three isolated reports of a low-grade positive 
concentration or culture are recorded, the x-ray films being stable. (Essen- 
tially equivalent to Arrested, N.T.A. Standards, 1950.) This category is desig- 
nated because of uncertainty as to the significance or validity of the findings. 
The limited laboratory data did not warrant the conclusion that active disease 
was present. The after-history of these individuals is revealing. Thus far, 
only 1 has shown evidence of active disease at the next anniversary, the re- 
mainder being well. 

(3) ‘‘Active’’ if positive sputum persists or recurs, or x-ray film shows 
evidence of active disease. 

(4) ‘‘Deaths’’ occurring within sixty days are recorded as postoperative, 
others as late. 

Salvage Cases—Table VII shows the indications for operation and the 
follow-up results at six months. Of the 55 patients with thoracoplasty failure, 
32 were classified ‘‘satisfactory’’ and 8 ‘‘doubtful’’ six months following 
operation. This suggests that among selected cases of thoracoplasty failure, 
three-quarters may be expected to be salvaged by resection surgery. The 
follow-up data of the cases of persisting cavity indicate that an equivalent 
salvage may be anticipated. Patients with empyema or bronchostenosis gen- 
erally had a favorable course. The highest mortality occurred among the 
cases of destroyed lung, although the 50 per cent salvage.is gratifying. 


TABLE VII. SALVAGE Group: INDICATION FOR OPERATION, STATUS AT SIX MONTHS 








SATISFAC- 
INDICATION TOTAL TORY DOUBTFUL ACTIVE 
Total 110 67 14 18 
Thoracoplasty failure 55 32 12 
Persisting cavity, 1 em. 31 17 4 
Empyema v 6 





Bronchostenosis 9 8 
8 


Destroyed lung + 





Fifteen deaths oceurred in the group of 110 patients, 12 of them within 
sixty days of operation. The results in relation to type of operation and period 
of follow-up are shown in Table VIII. 

The over-all outcome for this group is shown in Fig. 2. This depicts the 
status of all patients at six months and the expected status at one and two 
years based on the assumption that the patients with shorter follow-up will 
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TABLE VIII. SALVAGE GROUP: TYPE OF OPERATION AND AFTER-HISTORY STATUS 








NUMBER OF OPERATIONS SECOND OPERATION TOTAL 
PROCEDURE PATIENTS CONTRALATERAL ON SAME SIDE OPERATIONS 





Pneumonectomy 36 - 36 
Lobectomy 54 57 
Segmental 14 18 
Subsegmental 6 9 





- Total 110 4 _ 6 120 
: STATUS AT SIX MONTHS AFTER COMPLETION OF SURGICAL PROGRAM 
| LUNG | LOBE | SEGMENT | SUBSEGMENT | TOTAL 
Satisfactory 24 32 67 
Doubtful 3 9 14 
Active 3 10 é 2 20 
Dead 6 3 
Total 36 54 14 
STATUS AT TWELVE MONTHS AFTER COMPLETION OF SURGICAL 
Satisfactory 19 29 
Doubtful 3 1 
Active 2 10 
Dead - - 
Incomplete* 6 11 
Total | 51 | | 
STATUS AT TWENTY-FOUR MONTHS AFTER COMPLETION OF SURGICAL PROGRAM 
Satisfactory 20 21 1 44 
Doubtful 1 - 
Active 2 ( 1 12 
1 



































Dead 1 1 
Incomplete* 10 15 
_ Total 2 40 6 3 73 


*Incomplete: These patients operated on too recently to allow observation at this anni- 
versary. 








0 SALVAGE PATIENTS 
PERCENT 





SATISFACTORY 











Hy 


MONTHS AFTER OPERATION 


ig. 2.—After-history of 110 salvage patients showing status at six, twelve, and twenty-four 
months after operation. 
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nave a course comparable to those actually observed. The calculations made 
from Table VIII in order to plot the status at anniversary are shown in Table 
LX. 

Elective: With Residual Disease.—The follow-up of the group of 256 elee- 
tive cases with known or questionable residual disease is presented in Table 
X, which shows the after-history in relation to the type of operation and dura- 
tion of follow-up. It is noted that 4 deaths have occurred, and that the num- 
ber with doubtful status declines with time. Six of the active cases had per- 
sisted in this status from operation, while 2 represent relapses, both homo- 
lateral. 


The over-all picture is shown in Fig. 3. 
can) 


256 ELECTIVE PATIENTS 


PERCENT 
100 





SATISFACTORY 














MONTHS AFTER OPERATION 
Fig. 3.—After-history of 256 elective patients with residual disease showing status at six, 
twelve, and twenty-four months after operation. 

Elective: No Residual Disease——This group of 141 patients is designated 
‘or separate analysis because of uniformity of observation both in palpation 
of lung tissue, type of x-ray examinations, and study of resected specimens. 
It is believed that all palpable disease in the lungs operated upon was removed 
and that the opposite lung showed no x-ray lesion (planigrams having been 
made). If the thesis is valid that necrotic lesions are the lurking place of 
tuberele bacilli and hence are the cause of exacerbations, then this special 
group should be free from future manifestations of tuberculosis or at worst 
should have a low incidence of relapse. 

The postoperative clinical course of the 141 patients has been quite favor- 
ible. At six months 1 patient had had four positive concentrates and was 
laced on drug therapy with subsequent conversion of sputum. This was the 
mly patient regarded as a failure. Five others were at some time in “doubt- 
‘ul’’ status; 1 had one bacillus on concentration on one oecasion; 2 had one 





148 THE JOURNAL OF THORACIC SURGERY 


colony on culture on one occasion; a fourth had three cultures of acid-fast 
organisms one of which on test failed to kill a guinea pig; while the fifth, at 
the second year had one colony on culture which failed to infect a guinea pig. 
The procedures used and follow-up in this group are recorded in Table XI, 
40 patients having had bilateral operations. No figure is needed. 


TABLE X. ELECTIVE GRouP 2, A: PATIENTS WITH RESIDUAL DISEASE, TYPE OF OPERATION, 
AND AFTER-HISTORY STATUS 








NUMBER OF OPERATIONS | SECOND OPERATION TOTAL 
PROCEDURE PATIENTS CONTRALATERAL ON SAME SIDE OPERATIONS 


Pneumonectomy 3 - = 3 
Lobectomy 50 3 53 
Segmental 93 iO 105 
Subsegmental 110 16 127 
Total 256 30 2 288 
STATUS AT SIX MONTHS AFTER COMPLETION OF SURGICAL PROGRAM 
| LUNG LOBE | SEGMENT | SUBSEGMENT | TOTAL 


Satisfactory 3 42 79 93 217 
Doubtful - 7 9 11 27 
Active - - 3 4 7 
Dead - 1 2 2 5 

















Total hae” oe 50 93 110 256 
STATUS AT TWELVE MONTHS AFTER COMPLETION OF SURGICAL PROGRAM 
Satisfactory 3 19 45 7 
Doubtful 4 2 : 
Active - 3 
Dead = - 
TIncomplete* 26 41 22 
Total é 49 91 108 
STATUS AT TWENTY-FOUR MONTHS AFTER COMPLETION OF SURGICAL PROGRAM 
Satisfactory 16 22 21 
Doubtful -- 1 1 
Active - - 2 
Dead aS = = 
Incomplete* 2 ‘fi 27 62 
Total : 23 50 86 162 
*Incomplete: These patients operated on too recently to allow observation at this anni- 
versary. 
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Fifty-eight of these had minimal lesions, 81 were moderately advanced, 
while only 2 were far advanced. Twenty-one had never had tubercle bacilli 
demonstrated. The surgical judgment displayed in operating on these may 
be open to discussion. 


A review of the pathologic reports, however, shows that among the 21 
patients who had never had positive sputum, one cavity remnant was demon- 
strable, while 11 had necrotic lesions 1 em. or more in size. All but 1 had 
definite necrotic lesions—this patient showing scarring and foeal pneumonia. 
Of the remaining 120 patients, 65, fifteen of them minimal, had evidence of 
open or filled-in cavity, bronchial communication being demonstrated by wire 
probe or random sections in 27. Four others had bronchial debris indicating 
a connection. This compares with 98 bronchial communications demonstrated 
in 141 filled-in cavities found in advanced eases and studied intensively by 
Medlar.’ ‘ne other point of interest in the review is the fact that abnormal 
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bronchi were noted in 10. This compares with the finding of concomitant 
tuberculosis and bronchiectasis in 26 of a series of 295 specimens studied by 
Medlar.$ 

It is also significant that in the group of 58 minimal eases, 1 had the major 
focus in the middle lobe, while in all others the major focus occurred in the 
apical and posterior segments of upper lobes or the superior segments of the 
lower lobes. When all excisions including calcified nodules were counted, 
three-fourths were in the superior portions. This is consistent with Medlar’s* 
findings in necropsy studies. 


TABLE XI. ELECTIVE Group 2,B: PATIENTS WITH No RECOGNIZED RESIDUAL DISEASE; TYPE 
OF OPERATION AND AFTER-HISTORY STATUS 








NUMBER OF OPERATIONS | SECONDOPERATION| ‘TOTAL 
PROCEDURE PATIENTS CONTRALATERAL ON SAMESIDE | OPERATIONS 
Pneumonectomy 1 1 
Lobectomy 15 15 
Segmental 74 92 
Subsegmental 51 73 
Total 141 181] 
STATUS AT SIX MONTHS AFTER COMPLETION OF SURGICAL PROGRAM 
LUNG | LOBE | SEGMENT | SUBSEGMENT | TOTAL 
Satisfactory 14 71 136 
Doubtful 1 2 4 
Active - 1 1 

















Dead a 
Total 15 74 141 
STATUS AT TWELVE MONTHS AFTER COMPLETION OF SURGICAL PROGRAM 

Satisfactory 14 45 29 
Doubtful - - 1 
Active - - - 
Dead - - - 
Incomplete* 1 29 21 


Total - 15 74 51. 
STATUS AT TWENTY-FOUR MONTHS :AFTER COMPLETION OF SURGICAL PROGRAM 


Satisfactory 4 14 8 
Doubtful - 1 ~ 
Active = - > 
Dead _ 
Incomplete* 10 30 22 62 
Total 14 45 30 90 

*Incomplete: These patients operated on too recently to allow observation at this anni- 
versary. 





























BACTERIOLOGY 


No data on the bacteriology of excised tissue are presented because this 
problem is in a state of flux. Bacteriologists reeognize the need for research 
studies. It ean be stated, however, that whenever thorough search of necrotic 
‘esions for tubercle bacilli was carried out they were always demonstrable in 
smears. Medlar® studied 376 necrotic lesions in resected specimens from 145 
natients. If only one necrotic lesion from a patient was examined, two-thirds 
\ere positive ; when three or more lesions were examined, tubercle bacilli were 
‘ound in the excised tissue from every patient. 


SUMMARY 


1. Five hundred seven patients had 589 resection procedures for tuber- 
¢ ilosis. 
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2. A salvage group of 110 patients had 120 operations with 11 postopera- 
tive deaths and 3 late deaths. There were 13 serious and 9 minor postopera- 
tive complications. Eleven tuberculous complications occurred. 

3. An elective group of 397 patients had 469 operations with 4 postopera- 
tive deaths. There were 16 serious and 67 minor postoperative complications. 
One tuberculous complication occurred. 

4. Study of after-history gave the following results: 


(1) The salvage group of 110 patients shows that at two years 70 per 
cent were well, 18 per cent were active, and 12 per cent were dead. 
(2,a) The elective group of 256 patients with residual disease shows at 
two years 95 per cent well, 3 per cent active, and 2 per cent dead. 
(2,.b) The elective group of 141 patients with no recognized residual 
disease shows at two years no deaths and no patient with active 


disease. 
5. A review of the pathology of the 141 patients in the latter group 
showed necrotie lesions present in all but 1, while 65 had evidence of open or 


filled-in cavity. 

We wish to express appreciation for the interest and help given by Dr. Ramon Larios- 
Contreras, Dr. Joseph J. Krejei, Dr. Dennis M. Rosenberg, and Dr. Ralph V. Ramirez in 
analyzing the ease histories, and to Dr. Ramirez for his review of the pathology. 
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THE COORDINATION OF SURGERY AND COMBINED 
CHEMOTHERAPY IN THE TREATMENT OF 
PULMONARY TUBERCULOSIS 
ALFRED M. Decker, Jr., M.D., RicHMOND, VA., (BY INVITATION), JAMES W. 
RALEIGH, M. D.. SUNMOUNT, N. Y., (BY INVITATION), AND 
Epwarp S. WELLES, M.D., SaArANAc LAKE, N. Y.* 


ROLONGED combined chemotherapy with various antitubereulosis drugs 

in varying regimens is still by no means adequately evaluated. Since late 
1948 when the first patients receiving prolonged streptomycin and PAS ther- 
apy were studied,' an attempt has been made to use only clear-cut, gross, and 
simple criteria for evaluation of this and other therapeutic regimens. Vari- 
ables introduced by adjunctive collapse measures have purposefully been kept 
to a minimum. The great individual variable of bed rest has been practically 
exeluded by the restless nature of the young veteran as a patient. 

Thus, by using the criteria of positive or negative sputum cultures, open 
or closed lesions by rigid radiologic examination, and the occurrence or ab- 
senee of relapse, an attempt has been made to evaluate the effectiveness of 
chemotherapy alone. 

Stimulated by Dr. Medlar’s evidence” * that closed, caseous, necrotic foci 
persisting after all types of therapy are very probably the ‘‘seed beds of re- 
lapse,’’? an active program of resection of these and other residual lesions has 
been carried on coneurrently. Through reasons of selection, which at first 
were largely accidental and only recently have become in part purposeful, 
there have been collected two series of patients. Both were treated to pre- 
sumed maximal benefit with chemotherapy. Then one group was resected, 
and one was not. The clinical aim generally was to carry the patient to maxi- 
inal benefit on chemotherapy and then, if possible, to resect any residual lesions 
with a view to preventing relapse. 

MATERIAL 

ig. 1 demonstrates the effectiveness of original streptomycin and PAS 
therapy on 179 consecutive cases of sputum-positive, cavitary tuberculosis. 
(sing only the criteria of sputum bacteriology on culture and the presence or 
absence of open lesions by roentgenography including periodic planography, 
we develop three categories. The Open-Positive group, which constituted 100 
per cent at the onset of therapy, is 23 per cent after eight months of continuous 
combined drug treatment. However, although 77 per cent of the total had 
converted their sputa for three months or longer during eight months of ther- 
apy, only 35 per cent had closed all their open lesions. A portion of the con- 
iinued closure and conversion rate increase noted after eight months is an arte- 
xet due to removal from the study, by surgical intervention, of a few cases felt 

ost unlikely to achieve cavity closure. 


Read at the Thirty-fourth Annual peonetee: of The American Association for Thoracic 
rgery at Montreal, Quebec, May 3-5, 1954 

*The material presented herein snereniaties the opinions of the authors and does not in 
vy way reflect the policies of the Medical Director of the Veterans Administration. 
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The phenomenon of sputum conversion for three months or longer, as 
sociated with failure to close all lesions, yields the group of Open-Negative 
patients. These constitute from 20 per cent to 40 per cent of the total at vari- 
ous periods throughout twelve months of chemotherapy. 


SPUTUM CONVERSION & CAVITY CLOSURE 
in ORIGINAL R, SM + PAS 





© = CAVITY CLOSURE 
x = SPUTUM CONVERSION 
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The patients who close all their lesions always convert their sputa as well. 
This Closed-Negative group ultimately comprises about 50 per cent of the 
cavitary lesions treated. The phenomenon of sputum relapse during combined 
chemotherapy noted in the Open-Negative group is not observed in the Closed- 
Negative group. It is worth noting that a concurrent series of 89 consecu- 
tively treated patients who did not have cavity at the onset of chemotherapy 
all converted their sputa in less than eight months, and none of these relapsed 
during continued drug treatment. This type of case swells the Closed-Negative 
group in any clinical series and, in so far as we can determine, Closed-Negative 
patients behave exactly alike by our criteria, whether they closed during ther- 
apy or were not open at the onset of therapy. 

Failure to convert sputum or relapse to positive during continued chemo- 
therapy is always associated with persistence of open lesions. 

The next item we feel important to determine, after establishing these 
three categories of response noted during prolonged combined therapy, is the 
fate of each after discontinuation of the drugs. 

The arbitrary minimal period of eight months of therapy chosen for the 
unresected cases in Table I was exceeded by many months in most. We know 
of no convineing data delineating the optimum duration of effective combined 
chemotherapy. 

We perhaps have had exceptionally poor luck with our patients who failed 
to convert, the Open-Positive group. This may be because they refused, or 





DECKER ET AL,: SURGERY AND CHEMOTHERAPY IN PULMONARY TUBERCULOSIS 153 


TABLE I. FoOLLOW-UP—UNRESECTED (ORIGINAL STREPTOMYCIN AND PAS Eigut MontTHS 
OR LONGER) 








DEAD OF OR 
TUBERCULOSIS | NOW ACTIVE NONACTIVE | NONACTIVE 


TINUATION OF 
CHEMOTHERAPY 
Open-Positive 2: 18 0 0 
Closed-Negative 5 3 54 95 
Open-Negative 14 9 33 


STATUS AT DISCON- a | 








were unsuitable candidates for, any adjunctive measures. Most of those with 
significant follow-up antedated the availability of the newer antituberculosis 
drugs. Of 25 patients who had original treatment with streptomycin and PAS 
‘or eight months or more, and who failed to convert and close, 7 are dead of 
tuberculosis and 18 have continuing active disease. 

Of 57 who achieved a Closed-Negative status with the same chemotherapy 
program, 95 per cent are inactive or nonactive for periods up to four years 
after discontinuation of their drugs. 

Of the 27 patients given original streptomycin and PAS therapy for eight 
months or longer, who converted their sputum but demonstrated residual open 
lesions radiologically at the time the drugs were discontinued, 18 relapsed to 
a frankly active state, mostly within one year. This phenomenon of relapse 
after chemotherapy was suggested in Fig. 1 by the small, but definite, relapse 
incidence noted during continued chemotherapy among these Open-Negative 
patients. 

This is a necessary type of base-line data, admittedly still scanty in num- 
bers, upon which we must evaluate the therapeutic effectiveness of surgical 
intervention, both now, on a short-term basis, and as years of follow-up ae- 
cumulate. If we do not place our cases in some such categories, we cannot 
ever hope to untangle the mass of clinical reports already accumulating. When 
one tries to evaluate reports of several hundred eases apparently of all three 
categories resected during chemotherapy, it is confusing to know that relapse 
of patients treated to a Closed-Negative state and not resected is very rare. 

Table II presents follow-up data on the three groups resected. The same 
data shown in Table I are again ineluded with each category for convenient 
comparison. 

TABLE II. FoLLOw-Up—RESECTED vs. UNRESECTED 








| rome | NOW IN- | J INACTIVE, 





TUBER- NOW ACTIVE OR OR 
CULOSIS ACTIVE | NONACTIVE | NONACTIVE 


2 35 78 


STATUS AT RESECTION 
OR END OF CHEMOTHERAPY PATIENTS 
Resected 45 
)pen-Positive (7 bilateral) 





Unresected* 25 


Resected 214 
osed-Negative (64 bilateral) 


Unresected* 


Resected 6 
(19 bilateral) 


Unresected* 27 + 14 


*Original chemotherapy 8 mo. or longer before drugs discontinued. 


ven-Negative 
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The salvage of 78 per cent thus far in the Open-Positive resected group is 
very encouraging. However, 22 per cent of some type of clinical failure still 
leaves a great deal to be desired. The resected and unresected Closed-Nega- 
tive cases as yet show no significant differences in follow-up. The rationale 
for resecting these closed residua originally put forth before this Association 
by Drs. Ryan, Medlar, and Welles in 1951? is still very appealing in many ways. 
If we are in any doubt about the effectiveness of new drug combinations, or 
the degree of drug sensitivity at the onset of therapy, we still feel it is safer 
by far to resect residua of this type until prolonged observation of unresected 
controls demonstrates they may be safely left in. Lest time find us with in- 
adequate data on drug-sensitive patients who achieve the Closed-Negative 
state, we still urge that at least a portion of such eases be resected in those 
institutions qualified for adequate clinical follow-up. 

It is with the Open-Negative patients that we have found the most grati- 
fying results of resection during prolonged chemotherapy. The marked de- 
gree of bacterial suppression in these cases, despite the latent tendency to re- 
lapse noted in the unresected patients, allows resection with few or no tuber- 
culous operative complications. The salvage of 97 per cent as compared to 
33 per cent of the unresected group gives us currently a rather clear-cut 
operative indication. 


TABLE IIT. COMPLICATIONS IN 463 THORACOTOMIES IN 373 PATIENTS INCLUDING 10 
PNEUMONECTOMIES, 95 LOBECTOMIES, 147 SEGMENTALS, 211 WEDGES 


NONTUBERCULOUS 
Operative deaths 3* (0.6% ) 
Torn pulmonary artery requir- BPF with tuberculous empyema 
ing pneumonectomy a Stump ulcer 
Space requiring thoracoplasty sj Tuberculous infection pulmonary 
Subseapular infection 3* operative defect 
Bleeding, requiring SK-SD or 
reoperation 
Transient BPF closed drainage 
only 
BPF treated by thoracotomy 
Psychosis 
Phrenic section 
Homologous serum jaundice 
Transient hemiplegia 


"TUBERCULOUS 








*Those complications yielding a lasting deficit totaled 30 or 6.5%_ (includes operative 
deaths) ; Open-Positive, 12%; Open-Negative, 6%; and Closed-Negative, 5%. 

SK-SD = streptokinase—streptodornase. 

BPF = bronchopleural fistula. 


COMPLICATIONS 


It is necessary that operative mortality and morbidity be considered in 
any evaluation of surgical interference. We have not found these factors in 
any way prohibitive. Table III is a simplified listing of operative mortality 
and significant operative morbidity encountered in 463 thoracotomies involv- 
ing 373 patients. These included as the major operative procedure 10 pneumo- 
nectomies, 95 lobectomies, 147 segmental resections, and 211 wedges. Of the 
three deaths, one patient expired of the complications of a lower nephron 
nephrosis after lobectomy, one died immediately following biopsy of a lung 
involved with both tubereulosis and an Ayerza-like complex, and one died of 
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diffuse, uncontrollable hemorrhage during a wedge resection. We want to di- 
reet your attention to those complications, marked with the asterisk, which 
were felt to leave the patient with some lasting defect not anticipated when 
resection was undertaken. These inelude the operative deaths, the extension 
of the resection to pneumonectomy because of an irreparable operative acci- 
lent, thoracoplasty for postoperative space problems, subscapular infection, 
and all the tuberculous complications as listed, spread, fistula with specific 
empyema, tuberculous stump ulcers, and two tuberculous infections of very 
‘oealized operative defects within the parenchyma. The fact that six of the 
iotal of eight tuberculous complications occurred in the Open-Positive group 
accounts for the only difference in significant complications in the three cate- 
vories discussed. 
DISCUSSION 

Explanations for the high relapse rate in Open-Negative patients, un- 
resected, are possibly complex. The only significant data available to us, how- 
ever, come from the bacteriologic examination of resected material by culture 
and guinea pig inoculation. Table IV summarizes our findings in all three 
eroups by these methods. It is not surprising that 98 per cent of the Open- 
Positive patients yielded a positive specimen. Of 204 patients resected after 
being closed and negative for at least three months, only 18 per cent have a 
positive culture or guinea pig from the specimen despite the fact that over 80 
per cent were positive on smear. 


TABLE [V. BaActTerioLocic DATA ON RESECTED LESIONS 


| NO. OF PATIENTS WITH | 
NO OF POSITIVE SPECIMEN | 
PATIENTS 'BY CULTURE OR GUINEA PIG| % POSITIVE 
Open-Positive 44 43 98 
Open-Negative 92 37 40 
Closed-Negative 204 40 18 


The Open-Negative group, similarly studied, yielded growth of tubercle 
bacilli in 40 per cent of patients. The reasons for negative sputa in these 
patients may be simply mechanical. Why only 40 per cent of this category 
produeed a positive culture, while 66 per cent of similar patients unresected 
relapsed, may be explained in part by the facet that we now feel obliged to 
resect and include in the Open-Negative group open lesions which may oc¢ea- 
sionally prove to be blebs, pneumatoceles, or cystic bronchiectasis. We do 
‘ot feel we can safely differentiate these lesions from frank residual cavities 
bv eurrent clinical and radiologie techniques. Bronchography has as yet proved 
of little assistance. 

If we accept the apparent clinical application of these data, and choose 
o interfere surgically with those cases initially susceptible to chemotherapy 
ut failing to close their cavities during treatment, the next question is that 
' timing. The following three factors seem important to us in the timing 
( resection during chemotherapy. 

First, allowing time for maximal resolution of reversible disease will permit 

section of a minimal amount of lung tissue. The incidence of significant 
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operative complications decreases in direct proportion to the magnitude of the 
resection. Furthermore, the substitution of a wedge or segmental resection 
for a lobectomy allows us to dodge the uncertain issue of overexpansion. 

Resolution of tuberculous pneumonia is generally complete by four months 
of effective chemotherapy. The further slow clearing sometimes observed 
to continue for many months may be variously interpreted as resolution of 
the granulomatous or ‘‘proliferative’’ manifestations of the disease, slough- 
ing of necrotic foci through bronchial communications, or the inspissation of 
necrotie foci. 

In any case, patients with significant pneumonie components probably 
should be allowed a minimum of four months of chemotherapy before resection 
is considered. Continued appreciable resolution from month to month may 
encourage further delay. 

The second factor in timing is bacterial. Resections carried out during 
periods of bacterial suppression seem to ineur almost no tuberculous operative 
complications. Clinically, our experience suggests that we utilized this fac- 
tor in our Open-Negative and Closed-Negative cases. In the Open-Positive 
group, both the period of maximal bacterial suppression and that of sus- 
ceptibility of the patient’s organisms to the drugs used had generally been 
passed when surgical interference was elected. The Open-Positive group, 
resected, also includes certain patients with open lesions whose sputa were 
negative for three or more months before relapsing to positive during com- 
bined chemotherapy. Therefore, it would appear that in the persistently Open 
patients whose quantitative sputum bacteriology declines rapidly to negative, 
resection if feasible should be carried out before the occasional ‘‘escape’’ of 
the organisms. This occurred no earlier than seven to eight months after onset 
of chemotherapy. (See Fig. 1.) 

In the patients who never convert, there is almost always a period at 
about four months of chemotherapy when the bacterial population of the spu- 
tum is very low and still drug-susceptible. This is succeeded after a period 
of usually no less than two months by an inereasing population of increasingly 
resistant organisms. 

Fig. 2 shows the incidence of heavy positive sputum cultures during original 
streptomycin and PAS treatment. Note that at four months there are none with 
persisting heavy growth. The INH curve is superposed for comparison. 

Fig. 3 shows the rate of development of resistance to therapeutic concentra- 
tions of streptomycin and/or PAS during original treatment of 59 patients 
who failed to convert. This is a retrospective study of the Open-Positive group. 
By six months, over 50 per cent were already showing significant resistance. 

The third fietor worthy of some consideration in the question of timing re- 
section is that of cavity closure. If we are to draw any conclusions from our 
experience with resection of closed lesions residual after chemotherapy, we may 
say that perhaps it will ultimately be shown that they need not be removed. 
Therefore, it seems practical to explore vigorously the value of adjunctive col- 
lapse measures early in chemotherapy. These may include bed rest, pneumo- 
peritoneum, and perhaps even a revaluation of pneumothorax. Monaldi drain- 
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age, with and without thoracoplasty, has proved of value in effecting closure of 


huge cavities during chemotherapy. If by these methods we can elose a 
cavity before drug resistance has developed we can expect conversion to the 
Closed-Negative state. This would then direct evaluation of further surgical 
intervention to that category. 
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SUMMARY 


In summary, the problem of resecting pulmonary tuberculosis during ef- 
fective chemotherapy requires evaluation in the light of the response of the in- 
dividual patient to chemotherapy. An attempt has been made to develop three 
clear-cut clinically applicable categories of response for use in this evaluation. 


Factors which may influence the timing of various types of surgical interference 
have been mentioned. 
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DISCUSSION 
(Papers by Douglass, Bosworth, Judd and Chang; and Decker, Raleigh and Welles) 


DR. JOSEPH GORDON, Albuquerque, N. M.—I should like to bring to your atten- 
tion a point that has been helpful to us in the diagnosis of one of the complications of 
resection. This was the outcome of a study which was initiated at Ray Brook while I 
was there and has been transferred for continued study to the Veterans Hospital at Albu- 
querque, New Mexico. We started a program of trying to learn something about the pat- 
tern of pulmonary distension following resection to see what the bronchogram pattern 
would be and came across something that was rather helpful to us. The question is often 
raised as to whether or not the residual or recurring pneumothorax is associated with a 
bronchial fistula or is a residual pneumothorax which will slowly re-expand. The usual 
criteria for making this diagnosis may be lacking or inconelusive. In films taken before 
and after resection we have found a pattern, which you will see on the four slides, that 
has been helpful and rather obvious. 

(Slide) There is a residual pneumothorax in the upper left. In such eases it is often 
difficult by the usual means, which I shall not review here, to identify the presence of 
bronchial fistula. 

(Slide) If a bronchogram is made you will get some clue as to whether or not there 
is a complicating bronchial fistula, The pattern of heavy oil which you see at the root is 
different from the pattern seen in the remaining expanded lung, and there is a small blob 
of oil which has leaked out into the air space. The only possible means of this being 
present would be that there is a communication with this space and the bronchial tree. 

(Siide) This is another case in which there is a residual pneumothorax pocket on 
the right side, and here toc we are concerned as to whether or not we are dealing with 
a residual pneumothorax space which will ultimately re-expand or whether it is associated 
with a bronchial fistula. In each instance when this question arises, a bronchogram should 
be made. 

(Slide) There is obvious evidence of a bronchial communication as noted in the 
pattern seen here and the oil free in the air pocket. 

This gives us an opportunity to evaluate the problem and treat it immediately. In 
operating on these patients, we have been able to identify the presence and location of 
the fistula, repair it, and wind up with a satisfactory results. 


DR. JOSEPH W. GALE, Madison, Wis.—We have been interested in this problem 
of pulmonary resection for the past decade, and in 1948 we reported 80 consecutive 
resections with a conversian rate of 83 per cent. Those patients were followed for a period 
of four years, and the percentage of conversions held. A couple of years ago we reported 
325 consecutive cases followed from one to seven years, and our percentage of conver- 
sions, negative cultures, guinea pigs, ete., remained at 80 per cent. We are in the proc- 
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ess now—l cannot as yet give you the statistics—of following 850 cases over a period of one to 
ten years. I thought it might be of interest to give some idea of what does happen over 
a decade in pulmonary resections, 

(Slide) One very interesting thing: In the first 80 cases we reported, 41 were 
thoracoplastic failures. In the 325 next reported, 101 were thoracoplastie failures. Now 
it has dropped to less than 20 per cent as we have had more pointed therapy, and we 
are now preserving more lung tissue. Only about one-third of the first 80 patients had 
streptomycin because it cost nine dollars per gram, and the hospital would not buy it. But 
this gives you some idea as to the mortality with the different types of operation. One out 
of 70 died following bilateral resection. The anesthetist left the pressure transfusion 
going and went away. 

(Slide) Here are some of the complications, bronchial fistulas, ete., and this re- 
mained about the same all along. We had a total of 2.8 per cent fatal complications. 

(Slide) A little more about bronchopleural fistula; it appears in about 5 per cent 
f cases in pneumonectomy, 4.5 per cent in lobectomy, and 1 per cent in segmental resec- 
tions. Some of these cleared spontaneously, but most of them required further surgery, 
and 7 of the 19 with bronchopleural fistulas died from sepsis, infection, ete. 

(Slide) Here are some of the complications which I will not enumerate, but in the 


whole group they were 7.5 per cent. 


DR. WILLIAM M. LEES, Chicago, Ill.—I shouid like to report some of our experi- 
ences, but before I do so, I would like to make a plea that we utilize the same classifica- 
tion when we speak of patients with pulmonary tuberculosis. Dr. Douglass mentioned a 
group of ‘‘salvage’’ and another group of ‘‘elective’’ patients and, without knowing the 
exact figures, I would state that we must have a different type of tuberculosis in Chicago, 
because 85 to 90 per cent of our patients wiil be in his salvage group. I do not think that 
a patient with a 1 em. cavity or with a thoracoplasty failure or with a destroyed lung, 
who has a good lung on the other side, is necessarily in a salvage group. With that intro- 
duetion I would like to show a few slides illustrating the highlights of a study performed 
by Dr. Adolfo Flores and Dr. M, Lopez-Belio, who reviewed 250 consecutive reseetions 
performed at the Municipal Tuberculosis Sanitarium of Chicago, Illinois, between Jun. 1, 
1951, and Dee. 31, 1953. 

(Slide) You will note that 70 per cent of the resections were in women; Negroes 
and whites are approximately even, but more importantly, only 15 of the Negro patients 
had segmental or wedge resections. The vast majority of Negro patients had pneumonec- 
tomies or total lobectomies. 

(Slide) Here you will note that the vast majority of patients had far-advanced dis- 
ease, and it was bilateral in a great many cases, especially in those patients who had 
pneumonectomies; you will note that 60 of the 82 patients had bilateral disease, Many 
had bilateral cavities greater than 1 em.; some were 4 and 5 em. in diameter. 

(Slide) This shows our complications. The pneumonectomy group had an 8.5 per 
cent mortality; lobectomy 1.7 per cent, and segmentectomies, including wedges, approxi- 
mately 2 per cent. These data are rather closely allied to the figures Dr. Gale just pre- 
sented. 

In summary, I would like to make a few comments which will in part coneur with 
ihe statements made by the second author, in that our complications may be lessened by 
iving combined chemotherapy for a minimum of four months, preferably six months, 
preoperatively. The lesions should be stable, as demonstrated by x-ray film. The best 
esults are obtained in patients who have negative sputum preoperatively. <A careful 
election and evaluation of the patient’s cardiopulmonary reserve and the bronchoscopic 
‘ppearance of the bronchial tree are very important; and careful bronchial closure with 
rompt re-expansion of the remaining lung will aid in the reduction of postoperative com- 
lieations. 

DR. GABRIEL P. SELEY, New York, N. Y.—The problem of residual pneumothorax 
\ these resection cases is quite common. Following upper lobe lobectomy, if the space is 
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not almost immediately filled by residual lung, I have used the following procedure in 
four cases. The patients have had a phrenic crush on the operative side within several 
days after operation; some in three days, and two between five and seven days. This has 
immediately closed the space, or almost immediately, and it has remained closed. One 
patient was a female operated on almost two years ago. She remained well, went through 
a normal pregnancy, and is still well. This work was done on my service at Gouverneur 
Hospital in conjunction with Dr. Henry Dorfman, who made the original suggestion of 
postoperative immediate phrenic crush. 


DR. RICHARD H. OVERHOLT, Brookline, Mass.—Since so much is known about the 
comparative hazards, that is, the risk of drug-treated disease and the risk of excisional 
therapy, I think it is time to concentrate, as the essayists have done, on the most appro- 
priate time to carry out these various procedures. Dr, Wilson and Dr. Edward Hayes, Jr., 
have reviewed 231 consecutive primary drug cases treated in 1952 and 1953, and of this 
number, 108 were resected with less than thirty days of drug coverage. The remainder 
had preoperative coverage over a period of several months, Their studies revealed that 
there was no difference in the risk of operation or in the incidence of complications in 
the patients in whom the time of operation was set ahead to less than one month, as com- 
pared with those in whom the drug treatment was carried on preoperatively for longer 
periods. In fact, in this series of 231 consecutive cases of primary drug treatment, there 
was only one fistula and that was in a teen-age diabetic. 

Just two comments about the problem of re-expansion of the remaining lung: We 
find it helpful to test the volume and shape of the expanded remaining lung with the ribs 
reapproximated in order to see if the reduced lung mass will fit its thoracic container. After 
an upper lobectomy or if combined with superior segmentectomy, the remaining group of seg- 
ments, when expanded, assume the shape of a truncated cone, When expanded, the group 
of segments may wedge against the chest wall and not be able to find its way to the apex. 
Then, a modified type of thoracoplasty, performed simultaneously, will permit apical space 
obliteration. 

One comment about tube management: (Slide) If two tubes are used and a Y con- 
necting tube joins them to a single underwater seal, air from one part of the pleural cavity 
will find its way to another by way of the connecting tube. It is then difficult to bring the 
lung out. If both tubes are brought under the water seal separately, the obliteration of one 
part of the cavity is not influenced by the other. Since this simple change has been made, 
we have very little difficulty in obtaining immediate re-expansion and holding the lung out, 
even after the most complicated segmental resection. 


DR. LOUIS R. DAVIDSON, New York, N. Y.—My remarks will be directed to the 
paper presented by Dr. Douglass; more particularly I shall confine my observations to that 
part of his paper which is called ‘‘after-history.’? The thoughts which have just been 
presented to us have their being in bacteriology. However, in the evaluation of a patient 
relative to his final cure, which is surely a part of ‘‘after-history,’’ one must think not only 
in terms of bacteriology but also in terms of physiology, pathology, sociology, and economics. 
It is with these features in mind that I should like to refer to a recent paper which appeared 
in Diseases of the Chest, in which our group at Sea View Hospital, after analyzing 487 con- 
secutive cases which had received excisional surgery, evaluated them particularly as regards 
‘‘after-history.’’ Our greatest patient load is about 89 per cent Negro and Puerto Rican. 
The major portion receiving excisional surgery had pneumonectomy performed. Of these, 
53 women who have had excisional surgery have given birth to 67 children. Oaly one pa- 
tient died, and she was originally a calculated risk. One patient had pneumonectomy per- 
formed in the presence of contralateral pneumothorax and, in addition, gave birth to a child 
subsequent to surgery when still carrying a contralateral pneumothorax, At the moment she 
is gainfully employed. 

This brief résumé is submitted in order to emphasize not only the pathologic status of 
the patient, but also to draw attention to the vital necessity of evaluating the resulting physi- 
ology and pathology, together with the patient’s sociologic and economic level. 
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DR. JOSEPH A. WEINBERG, Long Beach, Calif.—I wonder if we all have the same 
understanding of what is meant by wedge resection and segmental resection. In addition 
to the anatomic consideration, segmental means to me that the pulmonary parenchyma is left 
exposed, and wedge means that the raw surfaces are pleuralized. This differentiation is im- 
portant, especially in dealing with tuberculous lesions. Wedge resection is a more surgical 
procedure than segmental resection because infection is less likely to occur with pleuralization 
of the naturally contaminated parenchyma; also, air leakage is less likely to occur if the ex- 
posed parenchyma is covered. 


Dr. Reiter of our clinic has provided me with some figures on consecutive cases of pul- 
monary resection with one to two years of follow-up. In 48 wedge resections there were no 
significant complications; 45 of the 48 had sputum conversion. In contrast to these results, 
18 cases of segmental resection resulted in six failures of sputum conversion; and of these 
six failures to convert, three patients developed serious complications and were made worse 
by the operation. 

In performing the operation of wedge resection, it is important to ligate the divided 
bronchus and vessels carefully with transfixion sutures before the raw tissue is pleuralized. 
If this is not done, one invites the hazards of fistula and bleeding. 


DR. PAUL T. DE CAMP, New Orleans, La.—I would like to direct attention to the 
group of patients who have open cavities and positive sputum remaining after adequate 
chemotherapy. Two years ago, we read by title before this Association a paper on our 
initial experiences with a variety of partial thoracoplasty devised by Dr, Fernando Paulino 
of Rio de Janeiro. The procedure is essentially a modified Semb pneumonolysis and partial 
thoracoplasty. The second rib and parts of the third and fourth ribs are removed. An extra- 
fascial pneumonolysis is performed with division of the intercostal structures. The unique 
feature of the operation consists in maintaining the pulmonary collapse by placing three 
ligatures around the diseased lung. 


We have had experience with some 45 operations over a four and one-half year period. 
We are not performing the operation frequently but believe it is often indicated in cases 
with open cavities and persistent positive sputum because of the increased hazard of resection 
in these cases. The procedure has the advantage of being a single-stage operation which 
causes little deformity, the loss of respiratory function is minimal, and the amount of foreign 
material is negligible. For disease above-the hilum the collapse obtained is as good as or 
better than that following the standard seven-rib thoracoplasty. The changes in the collapsed 
lung are similar to those after the more radical conventional operation. 

We have experienced no complications related to the use of ligature constriction of 
the lung. We have been happy to hear that Dr. James Murphy has used the procedure in a 
few cases and has been pleased with it. Dr. McLaurin of British Columbia has performed 
a number of these procedures in the past year and is also satisfied with it. If one has this 
as an alternative procedure, he may not be tempted to perform a hazardous segmental re- 
section in the face of a positive sputum. 


DR. RICHMOND DOUGLASS, Ithaca, N. Y. (Closing).—I do think there is a place 
for some discussion of our terminology. Dr. Lees raised the question of our use of the word 
‘‘salvage.’’ We could not find a better word. It was applied to our patients for whom there 
was no other good alternative method of treatment. On the other hand, our elective cases 
represented a group who had done well by any criteria, and one might almost say that the 
surgery performed was prophylactic, in the hope of avoiding relapse. We do feel that it is 
mportant to perform this type of surgery in order to have a base line for study and for com- 
sarison with patients treated by drugs alone. 

In relation to the use of the terms ‘‘segmental resection’’ and ‘‘ wedge resection’’ and 
o forth, we have used the term ‘‘segmental’’ when an anatomic segmental unit of the lung 
was removed, and I think that is perhaps commonly understood. When you get down to 
maller excisions, there is a multiplicity of terms such as ‘‘local excisions,’’ ‘‘wedge resec- 


ions,’’ ‘*block resections,’’ or ‘‘subsegmental resections.’’ JI think maybe it might be well 
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to agree on the use of the term ‘‘subsegmental’’ for anything less than a segment, regard- 
less of the technique by which the smaller piece of lung tissue is removed. 
I wish to thank those who took part in the discussion of this paper. 


DR. ALFRED M. DECKER, Summount, N. Y. (Closing).—I wish to thank the dis- 
cussants. There are only one or two questions which pertain to our presentation, Dr. Over- 
holt brought up a point that has interested us a good deal, and we have had a small experi- 
ence with early resections. I do believe that so far as lasting tuberculous complications are 
concerned, resection during the effective period of chemotherapy, that is, the early months, 
carries very little risk. We have generally practiced delay at least beyond the:period of four 
months because of our gradual evolution of the resection program in prolonged combined 
chemotherapy. Our experience with the bacteriology of lesions resected has shown that dura- 
tion of therapy is a factor in this regard. Also we have felt that we were able to perform 
much smaller resections by waiting for maximal clearing. More recently the major point at 
issue would seem to be allowing chemotherapy an opportunity to close cavitary lesions. This, 
to our mind, puts the evaluation of further surgical intervention under an entirely different 
category of disease response to chemotherapy. Our own experience certainly suggests that 
it remains a very open question whether or not we must resect these residual closed lesions. 
We are trying to differentiate what we can do from what we should do. 

With regard to what Dr. Weinberg said about the type of resection affecting the inci- 
dence of tuberculous complications, I feel it worth while to make the point that our incidence 
of tuberculous complications reflected the status of the disease in its response to chemotherapy 
rather than the type of procedure. Tuberculous complications have been almost nonexistent 
in those patients who have converted their sputum for periods of three months or longer 
during continuous combined chemotherapy despite an appreciable incidence of positive cultures 
in the resected specimens, particularly in those retaining cavitary lesions. 

With reference to Dr. DeCamp’s statements, we certainly do not resect all our chemo- 
therapy failures, and do resort to various adjunctive procedures, particularly, of course, 


thoracoplasty or thoracoplasty combined with Monaldi in the presence of large cavities. In- 
dications for resection in those patients whose organisms have escaped bacteriologic control 
entirely have tended to follow the pattern of so-called standard indications for resection. 
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ULMONARY function studies today are generally accepted as an integral 

part of the evaluation of poor-risk patients who are to have pulmonary 
surgery. Exertional dyspnea, previous operations, or disease on the opposite 
side are the most common indications. The importance of physiologie evalu- 
ation under these circumstances has been emphasized repeatedly..* Other 
reports have dealt with description of techniques and with interpretation of 
tests.°? Many new or rediscovered methods have been deseribed for simpli- 
fied evaluation or for more detailed analysis of pulmonary function. The 
literature devoted to deseriptive reports of pulmonary physiologic alterations 
in certain disease entities or after specific surgical procedures is constantly in- 
creasing. The present analysis was undertaken to assess the value of routine 
preoperative pulmonary function studies in relation to operative mortality 


and postoperative disability following surgery for pulmonary tuberculosis in 
a large unselected group of patients. 


PLAN OF STUDY 

The observations were begun when the present Thoracic Surgery Service 
was initiated at the Sanatorium Division of the Boston City Hospital in 1947. 
Many of the patients awaiting surgery were desperately ill. The considerable 
number who previously had been refused operative treatment because of ¢lini- 
cal dyspnea or far-advanced bilateral disease appeared to justify the expendi- 
ture of time and energy required for these studies. In addition, it was hoped 
that this program would offer thoracic surgeons in training an opportunity to 
develop a feeling for, and an appreciation of, pulmonary physiology. 

The laboratory is a division of the Thoracic Surgery Service, and all ex- 
iminations were performed by the surgeons or under their supervision. Pre- 
sperative evaluations and follow-up studies could thus be closely integrated 
vith the surgical program. This proximity of the laboratory permitted 
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flexible operative program closely guided by physiologic observations. Surgi- 
cal results were reviewed from time to time in the light of these observations. 
The surgeons, working both in the operating room and in the laboratory, had 
an opportunity to observe the physiologic consequences of their operative 
procedures. Results of function studies were required routine information at 
weekly surgical grand rounds where problem cases are presented for recom- 
mendations. 

Both good- and poor-risk subjects were examined for future correlation 
between the outcome of surgery and the results of initial pulmonary function 
studies. Only a few simple studies were performed routinely in order that 
the procedure would not be too difficult for patients and examiners. Thereby 
it was hoped to continue the project until its value to the surgical program 
could be assessed. Screening, rather than complete evaluation of the respira- 
tory status, was intended. More detailed investigations were initiated when 
special indications existed (Table 1). 


TABLE [ 








ROUTINE PULMONARY FUNCTION STUDIES 
. Maximal Breathing Capacity (MBC); calculation of per cent of predicted 
2. Vital Capacity (VC); calculation of per cent of predicted 
3. Timed Vital Capacity; per cent exhaled during 1, 2, and 3 seconds 
. Caleulation of Air Velocity Index (AVI): % MBC/% VC 
5. Exercise Ventilation, walking 180 feet per minute (WV) 
6. Caleulation of Walking Dyspnea Index (WI): 100 x WV/MBC 
. Breath-Holding Test (discontinued) 
8. Fluoroscopie Observation 
9. Bronchoseopie Observation 





INDICATIONS FOR SPECIAL STUDIES 
1. Maximal Breathing Capacity very low 
2. Timed Vital Capacity low 
3. Air Velocity Index less than 0.8 
4, Walking Dyspnea Index over 35 per cent 
5. Dyspnea not explained by results of function studies 


De 
6. Discrepancy between function studies and appearance of roentgenogram 
7. Discrepancy between function studies and fluoroscopic observations 
8. Surgery planned on the major side 
(Special Project) 





SPECIAL STUDIES 
1. Combined Spirometry (Minute and Tidal Volume, Oxygen Uptake, Ventilation 
Equivalent, Subdivisions of Vital Capacity, Respiratory Pattern) 
2. Residual Volume (Total Lung Capacity and R.V/T.L.C. ratio) 
3. Intrapulmonary Mixing Index (Alveolar N, per cent after O, Breathing) 
4, Arterial Blood Analysis (O, Content and Capacity, CO, content) 
5. Bronchospirometry (Differential per cent O, Uptake, Ventilation and VC) 








METHOD 


Routine studies, carried out within one week of intended operation, are listed in 
Table I. The planning of this study was aided by communications from Cournand and 
Richards,1° Rayl,11 Warring, and Wright.12 As the study progressed, our increasing dis- 
satisfaction with the value of the vital capacity test Jed to the development of the timed 
vital capacity1? and the calculation of the air velocity index.14 After analysis of the 
first 1,000 routine studies, it was demonstrated that the breath-holding test has no value 
in estimating ventilatory function, and the test was discontinued.15 Special efforts were 
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nade to eliminate subjective factors from tests requiring voluntary maximal effort. Such 
‘ests as the maximal breathing capacity (MBC) and vital capacity (VC) were repeated, 
ifter suitable rest periods, until successive efforts checked within 5 per cent. Whenever 
ioubt existed concerning adequate performance, conference presentation and operation 
vere delayed until a satisfactory base line had been achieved. 

More detailed studies were initiated when special indications existed (Table I). 
(he most frequent additional study was bronchospirometry, performed on 312 occasions. 
\fodifications of this technique, developed during the period, have been reported.16 For 
neasurements of- residual volume and intrapulmonary mixing index, the open-circuit, 
xygen-breathing technique was used.17 All gas volumes are reported at body tempera- 
ture, ambient pressure, and saturated with water (BTPS) with the exception of oxygen 
uptake which is recorded at standard temperature and pressure, dry (STPD). Experiences 
with ventilatory studies after administration of bronchodilators have been reported.1s 
nly volume increase of more than 10 per cent was considered significant. Methods used 
in this investigation have been discussed in detail elsewhere.19 
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Fig. 1—Primary surgical procedures. Selection of operations for the treatment of pulmonary 
tuberculosis for 460 patients during the six years from 1947 to 1953. 


RESULTS 


Routine studies of 460 patients were made before 839 major operations. 
"he incidence of the type of primary procedures is shown in Fig. 1. The trend 
in the choice of operations changed during the six-year period of observation. 
During the first two years, staged thoracoplasty was the standard procedure. 
\lajor resection during that time was reserved for very definite indications, 
ineluding giant or lower lobe cavity, destroyed lung, or bronchostenosis. Ex- 
‘rapleural pneumonolysis was chosen as the most function-sparing procedure, 
‘f pulmonary reserve was very low or if bilateral collapse was planned.2” 21 
uring the last two years, extraperiosteal Lucite sphere plombage replaced 


22 


onventional staged thoracoplasty almost entirely.2? Lobar and lesser resec- 
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tions increased in frequency when “localized disease” became one of the indi- 
eations for resection and when chemotherapy made these operations safer. 

Respiratory Difficulties Related to Type of Operation.—It was anticipated 
that the type of operation itself, irrespective of the degree of preoperative 
pulmonary insufficiency, would have a decided effect on the incidence of post- 
operative mortality and invalidism. Previously, this factor was investigated 
both during the early®* and during the later?? postoperative period. Interpre- 
tation of these data is difficult because the very choice and extent of surgery 
are based, to some extent, on the respiratory reserve of the patient. Also a 
number of unpredictable, function-impairing complications occur only with 
a certain type of operation: accidental opening of the pleura with induction 
of pneumothorax may unexpectedly diminish the respiratory reserve after 
thoracoplasty, plombage, or extrapleural pneumonolysis. Hemothorax, atelec- 
tasis, or bronchopleural fistula often causes unexpected respiratory difficulties 
following resection. 

Staged thoracoplasty, which accounted for 33 per cent of our operative 
experience (Fig. 1), may serve to illustrate that the extent of operation has 
marked effect on the diminution of respiratory function regardless of the ini- 
tial condition of the lung (Fig. 2). The MBC decreased about 20 per cent 
when five or six ribs were removed, but the loss averaged 30 to 40 per cent 
after more extensive operations. Also typical of staged thoracoplasty, the 
loss of function early (two weeks) after operation was nearly twice as large 
as the ultimate diminution six months later. Pain, weakness, and ineffective 
cough contribute to diminution of respiratory reserve after all thoracic opera- 
tions. Paradoxical motion of the chest wall adds to the respiratory distress 
after staged extrapleural thoracoplasty. 

Even details of operative technique may have an effect on respiratory 
mortality, and morbidity. The widely held thought that marginal patients better 
tolerate thoraeoplasty if resection of the first three ribs is performed in two 
stages guided us early during the program. Consequently, thoracoplasty was 
initiated by an anterior stage on eleven occasions. Uneontrollable paradoxical 
motion of the anterior chest wall, accompanied by extreme respiratory dis- 
tress, precluded further surgery in three patients and two died of respiratory 
insufficiency (Table II). The functional loss of the other eight patients after 
anterior stage alone was greater than the loss after complete removal of the 
first three ribs in seventy-three patients (Fig. 3). Furthermore, resection of 
the remaining posterior halves of the three ribs at a second stage was actually 
accompanied by a gain in function (Fig. 3). Suspension at the apex with 
freedom to move in paradoxical fashion anteriorly appears to be more harmful 
to function than a collapsed apex confined by pericostal tissues and com- 
pressed by fluid. Beeause of poor results this operative variation was aban- 
doned early, but it was, in part, responsible for the high (3.3 per cent) respir- 
atory mortality early after staged thoracoplasty (Fig. 4). 

After pneumonectomy some degree of respiratory difficulty is anticipated, 
and in our group, death or some degree of respiratory disability occurred in 
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2.—Ventilatory loss after thoracoplasty. Average per cent decrease of MBC and 


Fig. 
of VC two weeks and six months after completion of all stages of thoracoplasty arranged 
according to number of ribs removed. Observations of eighty-three patients operated upon 
from 1947 to 1950. 
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Fig. 3.—Loss of pulmonary function. Comparison of average per cent decrease of MBC 
id of VC after resection of the first three ribs in two stages and in a single stage. Removal 
only the anterior halves of the first three ribs in eight patients was followed by a greater 
ss of function than removal of the entire first three ribs in seventy-three other patients. 
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TABLE II. ANALYSIS OF MORTALITY 








A, OPERATIVE MORTALITY (WITHIN 30 DAYS) B, LATE MORTALITY (30 DAYS TO 6 YEARS) 
460 PATIENTS, 839 MAJOR OPERATIONS 440 PATIENTS 
_ NUM- PER NUM- PER 
BER CENT BER 
Respiratory failure* 8 ay Respiratory failure (pri- 
marily ) 
Cardiae arrest t 5 al Bronchopleural fistula and 
empyema* 
Operative hemorrhage 4 0.9 Progressive disease 
Bronchopleural fistula and Malnutrition and delirium 
empyema ] 0.2 tremens 
Progressive disease or spread 1 0.2 Unrelated to tuberculosis or 
Coronary occlusion 1 0.2 respiratory failure ‘ 0.7 
Total 20 4.3 Total 17 3.8 

















*Associated with progressive pulmonary disease in some patients. 
+Preceded by technical and respiratory difficulties during anesthesia in four of the five 
patients. 


Staged § Subcostal Extrapleural © Pneumo- Partial 
Thoracoplasty Plombage Pneumothx. nectomy Resection 
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Fig. 4.—The incidence of cardiac arrest, of death due to respiratory insufficiency, and of post- 
operative disability after various operative procedures. 


40 per cent. After lesser resections this incidence was only 15 or 20 per cent 
(Fig. 4). Cardiae arrest occurred only during intrapleural operations. It was 
responsible for 60 per cent of all operative deaths during pneumonectomy and 
for 67 per cent of deaths during lobectomy (Fig. 4). 

Although extrapleural pneumonolysis was usually reserved for patients 
with very limited pulmonary reserve, there were no operative deaths; and 83 
per cent of patients had no subjective respiratory disability six months later 
(Fig. 4). The function-sparing characteristics of this operation have been dis- 
eussed.2” 21, 24, 25 

Ventilatory Function Profile of the Entire Group.—Points of Fig. 5 indi- 
eate the preoperative ventilatory function of every patient with the MBC on 
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the ordinate and the VC on the abscissa, both expressed as the per cent of 
the predicted normal. The regression equations for calculation of the pre- 
dicted “normal” values have a standard error of about 20 per cent.*:* There- 
fore, a performance of 80 per cent or better must be regarded as possibly be- 
ing within normal limits. Of the whole group of 460 patients, 163 or 35 per 
cent had normal MBC and VC. All patients had at least moderate pulmonary 
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Fig. 5.—Preoperative ventilatory function (460 patients). MBC and VC are indicated as 
per cent of predicted for each patient. Performance above 80 per cent of predicted was regarded 
as within normal limits (upper right). The line drawn at forty-five degrees to aa coordinate 
axes indicates equal impairment of MBC and of VC (air velocity index = 


involvement, and 78 per cent of the group had far-advanced disease. It ap- 
pears, therefore, that predominantly unilateral parenchymal tuberculosis per 
se does not usually impair ventilatory function to a marked degree. 

Points falling on a line drawn at forty-five degrees to the coordinate axes 
show equal impairment of MBC and VC. That is, the fraction 
per cent of predicted MBC 
per cent of predicted VC 
patients had air velocity indices within the normal limits of 0.8 to 1.2, suggest- 
ing that a ventilatory defect, if demonstrable, was usually of the restrictive 





(air velocity index) is equal to 1.0.‘* Most 
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type.* Only occasional points fall below normal because obstructive ventila- 
tory insufficiency was often masked by more detailed physiologic studies. Re- 
duced air velocity indices were uncommon also because patients with marked 
emphysema were not usually suitable candidates for surgery.*® 
Deaths unrelated to pulmonary insufficiency, indicated by small dark 
squares in Fig. 5, are fairly evenly distributed throughout the chart and oe- 
eurred in eight patients with initially normal ventilatory function. Deaths 
primarily due to respiratory insufficiency, indicated by circumscribed dots, 
veeurred with one exception among patients with initial MBC’s of 50 per cent 
of predicted normal or less. A number of patients with such greatly reduced 
ventilatory capacity survived operation; nevertheless, clinicians who look for 
‘a figure” conveying a warning against surgery may be impressed that, of 
twenty-eight patients with preoperative MBC of less than one-half of normal, 
\0 per cent did not survive major thoracic surgery. Vital capacities in this group 
were also greatly reduced, but there was no sharp dividing line, and fatalities 
occurred among patients in whom this volume was 60 and even 70 per cent of 
normal before operation. Fig. 5 shows that, in a group of patients in whom 
emphysema is not a prominent clinical feature, the correlation between VC 
and MBC is fairly good if function is not greatly impaired. As MBC decreases, 
this relationship is almost entirely lost. 
Operative Mortality Due to Pulmonary Insufficiency.—Deaths were con- 
sidered operative if they occurred within thirty days after surgery; twenty 
of the 460 patients, or 4.3 per cent, died during this period (Table II). In 
this group pulmonary insufficiency was the primary cause for the fatal out- 
come on eight occasions or 1.7 per cent of the cases. 
A more detailed analysis of these eight deaths is shown in Table III. Of 
all 460 patients, only two were deemed too ill for transfer to the physiology 
laboratory for study prior to surgery. Weakness, dyspnea, fever, and exces- 
sive cough were the stated contraindiecations. Both patients (1, 2) died shortly 
after operation. Therefore, it might well be said that patients disabled by 
chronie pulmonary disease who cannot tolerate the most primitive function 
test consisting of a trip to the laboratory are not suitable candidates for major 
chest surgery. This does not apply to patients disabled by acute pulmonary 
complications when immediate surgery may be lifesaving. Hemorrhage, ten- 
sion pneumothorax, perforation of the esophagus, or chest trauma obviously 
nay prevent pulmonary function studies being performed without precluding 
operation. 
Only two factors were used for inclusion of patients in Table IIIT: death 
within thirty days after operation and clinically respiratory insufficiency as 
the primary cause of death. In other respects the group was quite heterogene- 
(is. Ages ranged from 26 to 52 years; the average age of 38 was not signifi- 
‘ntly greater than that of 36 for the entire group. The disease was extensive 
d bilateral in some (3,7), unilateral and complicated by pulmonary emphy- 
na and fibrosis in others (4,2), and there were several patients with total 

Cupyema (5,6,8). Some were not dyspneic during strenuous activity, while 
iers were short of breath during slightest exertion. 
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Despite their diverse clinical status the patients were surprisingly com- 
parable from a physiologic standpoint. The MBC was less than 45 L. or 50 
per cent of predicted in all. All but one had a VC below 1.5 L. In all mem- 
bers of the group, the walking index was above the “dyspnea level” of 35 per 
eent,? and four of the eight required more than 50 per cent of their maximal 
ventilatory capacity for this leisurely exercise. 

Respiratory embarrassment may be anticipated if operation is performed 
on the major side. Split function studies were obtained in all patients in 
whom this situation was suspected (Table II). On ninety-six occasions pa- 
tients were actually operated upon on the side responsible for more than half 
of the respiratory work. Unexpectedly, none of these died of respiratory in- 
sufficiency. On the contrary, three respiratory deaths occurred after opera- 
tion on a lung known to be entirely devoid of function (5,6,8), and a similar 
situation probably existed in one other who did not have bronchospirometry 
(7). A proceedure performed on a nonfunctioning side may thus have a de- 
cided effect and occasionally a catastrophic one on the respiratory status. If 
pulmonary reserve is minimal and the major lung is emphysematous, anesthe- 
sia alone may upset the delicate balance of borderline chronic hypercapnia. 
The respiratory center, depressed by excessive carbon dioxide, may never 
again regain control. The high oxygen-gas mixtures customarily administered 
at these times only aggravate the condition (5). Permanent deterioration of 
function may occur after thoracoplasty upon a nonfunctioning lung.?’ 

Pulmonary emphysema of the so-called “compensatory” type was the 
single most important contributor to preoperative respiratory insufficiency. 
Emphysema could be demonstrated clinically, roentgenographically, or by 
lung volume and intrapulmonary mixing studies in all but one patient of this 
group (3). In spite of this, a very low air velocity index was demonstrable 
in only two patients. In the others the obstructive defect was masked by 
severe restriction of the lung volume due to parenchymal or pleural disease. 

The severity of dyspnea is often considered for clinical evaluation before 
surgery. Statements concerning shortness of breath may be very misleading 
because one has to rely upon subjective consciousness of a sensation which is 
difficult to describe. After pulmonary disease of long standing, an awareness 
of undue effort on breathing may disappear and dyspnea denied even while 
labored breathing is obvious to the examiner. Lack of opportunity to experi- 
ence dyspnea due to prolonged bed rest, failure to distinguish between dyspnea 
and muscular fatigue,’® *° and purposely misleading statements concerning 
dyspnea in order “to be accepted for surgery” all contribute to the unreliabil- 
ity of this symptom in preoperative evaluation. Indeed, only two of the eight 
patients who died early of respiratory failure admitted to more than slight 
shortness of breath before surgery (Table III). Equally disturbing and more 
common are the cases where surgery is denied because of dyspnea and where 
laboratory examination later shows adequate pulmonary reserve. 

Nearly all operative deaths occurred after staged thoracoplasty. This is 
not necessarily a reflection on the operation. Other patients with almost 
equally poor function survived staged thoracoplasty without great difficult) 
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(Fig. 5). Furthermore, patients with initial pulmonary function as low as 
those shown in Table III were never selected for resection. Initially, patients 
with poor function were deliberately chosen for thoracoplasty because of the 
possibility of staging with variable time intervals depending on functional 
recovery. Three patients never improved sufficiently to have a second opera- 
tion, so that the advantage of staging did not apply. In two others the first 
stage was followed by a stormy course with extreme dyspnea, cyanosis, and 
in one case with coma. Both died after the second stage although a much 
longer interval than the usual two weeks was allowed between operations. 
In other cases, variable intervals between stages, depending upon recovery of 
function, proved to be advantageous. With increasing experience it was found 
that subcostal, extraperiosteal plombage is more easily tolerated during the 
early postoperative period than even the first stage of thoracoplasty with its 
unavoidable paradoxical motion of the chest wall.*°??. This does not apply if 
the pleura is accidentally opened at operation. The function loss due to these 
two procedures is more comparable when comparison is made some months 
after operation. 

Late Deaths Due to Respiratory Insufficiency Of the 440 patients who 
completed the surgical program, seventeen or 3.8 per cent died more than 
thirty days after operation. Discussion will be confined to the six patients 
(1.3 per cent) who died primarily of respiratory failure although pulmonary 
insufficiency was a contributory cause in the deaths primarily due to progres- 
sive disease, bronchial fistula, empyema, malnutrition, or alcoholism (Table 
Il). Clinical data of the six patients are shown in Table IV. The function 
studies of the first two patients were obtained only fourteen days postopera- 
tively because death occurred within six months. The remaining follow-up 
studies were made six months or more after operation. 

The entire group has little in common. On physiologic and clinical 
grounds the six patients may well be discussed in pairs. The first two pa- 
tients had adequate function initially. One (9) performed better than the 
mean for the group, and the other (10) had better function than the patients 
considered to have marginal pulmonary reserve. Neither patient admitted 
dyspnea. In both instances the disease was predominantly unilateral and 
far advanced, and repeated pulmonary hemorrhage was the most alarming 
symptom. An eight-rib staged thoracoplasty was performed on the minor side 
of both patients but failed to control bleeding. On the contrary, with in- 
creasingly labored breathing after successive stages these episodes became 
more frequent and more severe. Marked paradoxical chest wall motion pre- 
vented adequate elimination of blood and secretions. The much reduced pul- 
nonary reserve after operations was not only the result of extensive thora- 
‘oplasty but was also due to retained secretions, pneumonitis, and atelectasis. 
“hese complications were eventually responsible for death due to respiratory 
nsufficiency. 

The prominent clinical feature in the second two patients (11,12) was a 
story of severe bronchial asthma since childhood, occurring seasonally but 
lso elicited by emotional stress. Very severe pulmonary insufficiency, ob- 
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rved initially in both patients, was due to advanced tuberculosis, pneumo- 
‘ritoneum, phrenic paralysis, cavernostomy, and intrapleural pneumothorax 
one, and therapeutic pneumothorax complicated by atelectasis in the other 
‘ig. 6). A moderate degree of obstructive emphysema was demonstrated in 
ith, and this was not reversed by inhalation of bronchodilators. Both pa- 
‘ents were free from asthma during their stay in the hospital. Operations 
ere tolerated without unexpected respiratory distress. At the time of dis- 
iarge both were apparently well in spite of severely reduced function (Table 
iV). The first patient (11) was readmitted one year later with severe bron- 
‘ial asthma, and rapidly progressive cor pulmonale with massive ascites. 


POST-OP 


Fig. 6.—Patient 12 gave a history of bronchir! asthma. The preoperative roentgenogram 

shows extensive parenchymal disease on the left side with an unsatisfactory result after 

ierapeutic pneumothorax. The late postoperative film shows marked scoliosis after an eight- 
staged thoracoplasty. 


Death was due to combined respiratory and eardiae failure. Physiologie data 
from this woman have been reported in detail.”? The asthmatic attacks of the 
ther patient recurred as soon as she returned to her former environment 
ig. 6). She was seen at the laboratory on several occasions with severe 
‘espiratory distress and demonstrable hypoxemia and hypereapnia. On these 
asions ventilation improved after bronchodilators. This patient died at 
ne with what was described by her physician as status asthmaticus. In 
‘h eases the course of bronchial asthma was apparently accelerated by the 
ied eardiorespiratory burden imposed by tuberculosis and by collapse ther- 


The last two patients were in an older age group. Moderate pulmonary 
/hysema could be demonstrated in both. An old ten-rib thoracoplasty con- 





176 THE JOURNAL OF THORACIC SURGERY 


tributed to the pulmonary insufficiency in one ease (13, Fig. 7). Marked pul- 
monary fibrosis was responsible for hyperventilation and severe disability in 
spite of a fairly adequate ventilatory capacity in the other (14). A history o! 
eardiae failure and signs of cor pulmonale served as a warning in both pa 
tients. Because of this, extrapleural pneumonolysis was selected as the mos 
conservative procedure. However, the extrapleural spaces could not be main 
tained, apparently because the rigidity of the lungs prevented collapse by ai: 
pressure. A small subcostal prombage was then resorted to and resulted ii 
sputum conversion in both patients (Fig. 7). A few months after they lef 
the hospital, cardiac failure recurred. Neither patient responded to th 
usual measures. Oxygen therapy, instituted because of increasing dyspnea a 
rest, resulted in hypovéntilation and hypercapnia in one patient and was of n 
benefit in the other. Both died in less than one year after operation. 


Fig. 7.—The preoperative roentgenogram of Patient 13 was obtained ten years after a ten- 
rib staged thoracoplasty had been performed on the left because of empyema, and four montlis 


after extrapleural pneumonolysis had been attempted on the right for treatment of an apical 
cavity. The disease was arrested by subcostal plombage. 


Postoperative Disability —The majority of patients who have had surgery 
resulting in arrest of pulmonary tuberculosis return to a normal life and use- 
ful activity. A somewhat altered mode of life and a more sedentary occupa- 
tion are often advised for prevention of relapse. Occasionally, inactivity, un- 
employability, and invalidism can be traced to respiratory insufficiency mani- 
fested by dyspnea. In patients with chronic pulmonary disease, “disability” 
and “dyspnea” are to all intents synonymous. The subsequent disability (or 
dyspnea) was graded in the following manner: it was termed “slight” if 
subjective symptoms appeared with unusual exertion; “moderate” if they 
occurred while the patient was climbing one flight of stairs; “severe” dyspn:a 
was noted while the patient was walking on a level surface at a leisurely rat: ; 
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cisability was “total” if there were symptoms at rest or with slightest exer- 

ton. Postoperative evaluation of dyspnea was made at least six months after 

«eration when there had been an opportunity to test limitation of activity 
ith graded exercise. 

Subjective symptoms of dyspnea have been correlated with results of pul- 
i:onary function studies in a number of papers already referred to.** * 7% *5 
ior the present analysis postoperative respiratory disability was related to: 

1) type of operation, (2) degree of preoperative respiratory disability, and 
}) certain preoperative pulmonary function studies. 

(1) The incidence of dyspnea and disability was definitely related to the 
{pe of operation (Fig. 4). Of the patients who were well after thoracoplasty, 
18 per cent reported subjective symptoms of respiratory insufficiency. How- 
ever, none were totally disabled, and in only 5 per cent was dyspnea severe 
enough to prevent useful activity. 

Subeostal plombage was less prone to cause dyspnea during the early 
postoperative period, but at the end of six months the incidence of disability 
was almost identical to that staged thoracoplasty. Over the course of years, 
staged thoracoplasty may be more harmful to function than subcostal plomb- 
age which does not require resection of transverse processes and of the first 
rib. The thoracic deformity and scoliosis after resection of these structures 
appear to impair function of the opposite lung and may favor the development 
of compensatory emphysema.'® ?° 2% 24, 27 30 

Extrapleural pneumothorax was established and maintained with mini- 
inal additional respiratory distress in spite of the fact that most patients had 
had previous contralateral surgery and marginal function preoperatively.”” 7! 
Six months after operation none were totally disabled, and only 14 per cent 
noted any dyspnea (Fig. 4). 

Disability was greatest after pheumonectomy: more than one-third of 
the patients had respiratory symptoms. Among the survivors 10 per cent 
could not engage in any useful activity and 4 per cent reported dyspnea at 
rest or with slightest exertion. Less than two-thirds of the group were living 
and free of symptoms six months to six years later. 

Partial resection was rarely followed by respiratory symptoms, particu- 
larly if only a segment or wedge was removed. Individual variation of post- 
operative pulmonary function and disability was greatest in this group, and 
unexpected end results due to complications were more frequent than after 
oiher types of surgery. 

(2) Postoperative dyspnea was intimately related to the severity of dysp- 
nea before operation. This relationship held even when type of operation and 
*mplieations were disregarded (Fig. 8). Slight postoperative dyspnea’ was 

‘esent in thirty-three patients or 7.2 per cent of the entire group. More than 
0-thirds of them had been equally short of breath before surgery, and only 
0 were improved afterward. Moderate postoperative dyspnea was reported 
thirty-five patients or 7.6 per cent, of whom one-half had been equally dis- 
led before operation. In this group only two patients had been free from 
‘piratory distress preoperatively, and only two felt better after surgery. 
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Severe postoperative dyspnea was found in twenty-four patients or 5.2 per 
cent, all of whom had been dyspneie before surgery. The eleven patients or 
2.4 per cent with the most severe postoperative dyspnea had reported all de- 
grees of shortness of breath before operation (Iig. 8, Tables III and IV). 
More significant was the fact that nine of these eleven patients died within 
one year after surgery. Apparently pulmonary insufficiency severe enough 
to cause total disability is not long compatible with life. 


72 & 76 % 52% 24% 
SLIGHT MODERATE SEVERE TOTAL 
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Fig. 8.—The relationship of late postoperative disability or dyspnea to disability before 


operation (466 patients). Postoperative deaths due to respiratory insufficiency are indicated 
by the central columns in black. The code is the same as in Fig. 4 


(3) Correlation between postoperative disability and preoperative func- 
tion studies is less relevant because important variables introduced during the 
interval are neglected. The analysis was undertaken, however, to determine 
whether any relationship exists between initial function and later disability, 
irrespective of the choice of operation and intervening complications. Pa- 
tients who died of respiratory insufficiency were included in Figs. 9 and 10 
as the extreme of disability. An almost linear relationship existed between 
preopreative MBC and late postoperative disability. Patients who later had 
no symptoms of insufficient pulmonary reserve had a mean preoperative MBC 
at 81 per cent of predicted. With increasing postoperative disability the 
preoperative MBC’s were smaller. The mean was only 48 per cent for those 
totally disabled after surgery and 38 per cent of normal among the respiratory 
fatalities. Fig. 9 re-emphasizes that, irrespective of type of operation or com- 
plications, an initial MBC of less than 50 per cent should serve as a warning: 
the majority of patients in this category did not survive or were very severely 
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» totally disabled by operation. The vital capacity paralleled the MBC at 
irst. With inereasing disability this relationship was lost: the average vital 
apacities for patients in the “moderate,” “severe,” and ‘‘total” disability 
roups were all the same. <A progressive increase of the air velocity index 
as the result. 


POSTOP DISABILITY RESPIRATORY 
NONE SLIGHT MODERATE SEVERE TOTAL DEATH 





AIR 
VELOCITY |. 
z 1.07 . 1.07 0.96 0.85 0.88 





AGE 36 4/ 39 42 37 38 
GBB MAXIMAL «BREATHING & VITAL GAPACITY, % 





Fig. 9.—Average preoperative MBC and VC, as per cent of predicted, arranged according to 
the degree of late postoperative disability. 


POs Tt 6 eb tS A°St &.t F-¥ RESPIRATORY 
NONE SLIGHT MODERATE SEVERE TOTAL DEATH 





























EBB Preop. Walking Ventilation, Liters Preop. Walking Dyspnea Index, % 


Fi: 10.—Average preoperative waiking ventilation in liters per minute, and walking dyspnea 
lex as per cent of MBC, arranged according to the degree of late postoperative disability. 
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Exercise ventilation was of no prognostic value no matter whether this 
was expressed in liters per minute or in liters per square meter of body sur- 
face area (Fig. 10). The average walking ventilation of 18 L. per minute 
among relatively normal patients increased slightly to 20 L. per minute 
among those who later complained of slight dyspnea. The ventilatory require- 
ment for this standard exercise was then the same, irrespective of the degree 
of postoperative disability. Those who later died of respiratory insufficiency 
actually showed a slight reduction of walking ventilatory requirement (Fig. 
10). This was probably an expression of underventilation: the pulmonary 
reserve was so limited that the body could no longer adequately respond to the 
stimulus. Hyperventilation during mild exercise is thus not a prominent fea- 
ture and should not be considered of diagnostic significance. Among the 
tuberculous patients who consistently do show a trend toward hyperventila- 
tion are those with pleural fibrosis, fibrothorax, or empyema.*» *? This is prob- 
ably due to increased reflex stimulation of the respiratory center. Impaired 
oxygen diffusion capacity leads to demonstrable hyperventilation only during 
the acute phase of hematogenous pulmonary tuberculosis.** 

The walking index, or ratio of exercise ventilatory requirement to maxi- 
mal ventilatory capacity (MBC), increased progressively as postoperative dis- 
ability beeame more prominent. Because the numerator of the fraction re- 
mained essentially unchanged, the walking dyspnea index was entirely a re- 
flection of the maximal breathing. 

Improvement in pulmonary function and a decrease of dyspnea after col- 
lapse therapy or resection have been reported; such cases are frequently 
shown at therapy conferences. From Fig. 8 it appears that a decrease in 
dyspnea after operation was reported by only three patients. Detailed physi- 
ologie studies lead us to believe that a gain in function after such operations 
is extremely rare. If it does occur, this finding is usually readily explained by 
aeration of previously atelectatie lung, resolution of pneumonic infiltration, or 
resorption of intrapleural air or fluid. Very occasionally general debility, 
weakness, and excessive sputum preclude maximal effort before operation. 
In such patients the elimination of secretions and recovery of strength after 
surgery may give rise to an apparent improvement of function which over- 
shadows the actual loss due to surgery. With preoperative preparation with 
presently available chemotherapeutic agents such cases should be rare. It 
has been said that reduction in the size of the hemithorax should benefit pa- 
tients with obstructive or ‘‘compensatory” emphysema. We have never seer 
such a patient’s respiratory status improved by any form of collapse therap} 
except pneumoperitoneum. On the contrary, these are the patients who are 
most vulnerable to any interference with the bellows mechanism of thorax 
and diaphragm (Tables IIT and IV). 


CASE HISTORIES 
Case 5.—W. McG., a 36-year-old machinist, was first hospitalized in 1941 because of b 
lateral pulmonary tuberculous infiltration with cavities at the apex of the right lung 
Treatment with artificial pneumothorax and closed pneumonolysis was followed by per- 
sistent pleural effusion. When pneumothorax refills were abandoned because of total 
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atelectasis, he left the Sanatorium against advice; and after resting at home for eighteen 
months, he, returned to work. During 1946 he was briefiy readmitted because of hemop- 
tysis. A chest roentgenogram showed a homogeneous density over the entire right lung 
ield. Once more the patient left contrary to advice. At the time of his last admission 
n 1947, he was cachectic with severe clubbing of the fingers. The chest roentgenogram 
showed hydropneumothorax with total atelectasis on the right. There was a 100 per cent 
‘ongo red retention. Purulent tuberculous drainage continued for three years after de- 
vendent closed thoracotomy. Despite suction and prolonged antimicrobial therapy, there 
vas no improvement (Fig. 11). At this time there was very severe ventilatory insuffi- 
‘iency with MBC 35 L. per minute (29 per cent), VC 1,450 ¢.c. (32 per cent), and walking 
lyspnea index 70 per cent (Table III). Bronchospirometry revealed the right lung to be 
funetionless. Operation was undertaken after considerable deliberation over the course 
f one year. The decision to operate was influenced partly by the patient’s desire for 
urgery and partly by the feeling that collapse on the side entirely devoid of function 
hould not result in further respiratory impairment. The patient denied dyspnea with 
noderate activity although doctors and nurses had observed breathlessness even at rest. 


W. M’C. 
DEC. 1950 


Fig. 11.—Preoperative chest roentgenogram of Patient 5. A total tuberculous empyema 
on the right had been drained dependently. The right lung was functionless. Severe “com- 
pensatory” emphysema was demonstrated. 


‘taged thoracoplasty under local anesthesia was begun by resection of the first three ribs 
an attempt to close the emphysema space. Early during the operation the patient com- 
ained of shortness of breath, and oxygen was given by mask. A few minutes later there 
re loss of consciousness and cessation of spontaneous respiration with a moderate fall 
blood pressure. This episode was attributed to acute respiratory acidosis and carbon 
xide narcosis. The patient was intubated and artificial ventilation by intermittent 
sitive pressure was instituted. The blood pressure returned to preoperative values after 
‘nsfusion of 1,000 ¢.c. of blood. At the end of operation the patient regained conscious- 
s, and the endotracheal tube was removed. However, spontaneous respiration failed 
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to resume, and the patient breathed only when urged to do so. Because of cyanosis, not 
accompanied by any urge to breathe, electrophrenic stimulation was instituted and continued 
for six hours. Fairly adequate respiratory excursions then resumed, but breathing remained 
labored. In spite of long-standing empyema and markedly thickened parietes (Fig. 11) 
there was a marked mediastinal swing and paradoxical motion of the anterior chest wall. 
During the first two days after operation, oxygen was given intermittently because of cyanosis 
and dyspnea. This was always followed by diminution or cessation of respiratory excur- 
sions. Ventilation became progressively less effective, and the patient died on the fourth 
day after operation. 


CASE 7.—M. R., a 38-year-old housewife, was first admitted in 1939 with bilateral apical 
infiltration and a cavity at the apex of the right lung. She was discharged after three years 
of bed-rest treatment, the disease apparently arrested. She remained well for eight years but 
was then readmitted because of marked weight loss and a productive cough. The chest 
roentgenogram revealed extensive cavitation at the apex of the right lung. The clinical 
response with pneumoperitoneum, streptomycin, and PAS was poor. Six months after 
admission there was sudden onset of dyspnea, fever, and chills; and the roentgenogram 
revealed complete obliteration of the right lung field. Bronchoscopically, severe endo- 
tracheal and bronchial ulcerations were observed, and there was a stenosis of the trachea 


Fig. 12.—Preoperative chest roentgenogram of Patient 7. . Bronchoscopic observation 
revealed a low tracheostenosis with obstruction of the right main bronchus. Marked ‘“com- 
pensatory”” emphysema was demonstrated. 


with complete obliteration of the right main bronchus. Further prolonged treatment with 
chemotherapy including isoniazid resulted in improvement of tracheal lesions, but the com 
plete obstruction of the right main bronchus persisted (Fig, 12). Surgery was considered as 
a last resort in an attempt to reverse the progressively downhill course. At that time th 
MBC was 22 L, per minute (33 per cent), the VC 1,480 (47 per cent), and the walking 
dyspnea index was 69 per cent (Table III). The right lung was presumed to be func 
tionless, but bronchospirometry was not performed because of the conditions of the majo: 
airways. Following a first stage thoracoplasty in April, 1953, secretions became difficul! 
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o raise. There was a harassing cough and severe dyspnea. The patient eventually im- 
vroved sufficiently for a second stage with resection of the fourth and part of the fifth 
ibs to be performed one month later. Immediately afterward breathing became labored, 
ind there was marked paradoxical motion of the chest wall. In spite of intermittent 
xygen therapy, endotracheal suction, and other supportive measures, dyspnea became 
‘rogressively more severe and cough less effective. On the second postoperative day, 
‘ollowing a paroxysm of coughing, the patient became deeply cyanotic and lapsed into 
‘oma. In spite of endotracheal oxygen insufflation, she died a short time later. 


CONCLUSIONS AND SUMMARY 


Sereening studies of pulmonary functions were performed before opera- 
ion in 460 patients with advanced pulmonary tuberculosis. 

Early mortality was 4.3 per cent. Respiratory failure, accounting for 
eight of the twenty deaths during this period, was the most important cause 
of early mortality. All eight patients in this group had a preoperative MBC 
of less than 45 L. per minute, a vital capacity of less than 2 L., and a walking 
dyspnea index of over 35 per cent. ‘‘Compensatory” emphysema was the most 
important factor contributing to pulmonary insufficiency and was demon- 
strated in all but one of the patients who died of respiratory failure. The 
preoperative function of the lung to be operated upon was not a factor in 
mortality; in four of the eight patients who died, the involved lung had been 
devoid of function preoperatively. Among ninety-six patients who had sur- 
very on the major side, there were no fatalities. 

Late mortality was 3.9 per cent. Respiratory failure was responsible for 
six of the seventeen deaths which occurred from thirty days to six years after 
operation. Recurrent bronchial asthma, cor pulmonale with cardiac failure, 
and ‘‘eompensatory” emphysema were the main complications in this group. 

Some dyspnea was reported after recovery by 22.6 per cent of the pa- 
tients, and this led to severe or total disability in 7.8 per cent. Pulmonary in- 
sufficiency, severe enough to catise dyspnea at rest or with slightest exertion, 
was not compatible with life for more than a few months. Postoperative dis- 
ability could be related to the type and extent of operation to the degree of 
preoperative dyspnea and to objective measures of preoperative pulmonary 
funetion. 

The access to objective data concerning pulmonary function, at the time 
operative decisions were made, did not eliminate entirely postoperative invalid- 
ism and deaths due to respiratory failure. 

Most often, an unfortunate outcome after surgery occurred when pleas 

' patient, relatives, and ward physician prevailed over objective data from 
‘ie laboratory. A number of poor results were due to the misconception of 
‘he era that staged thoracoplasty, particularly anteriorly, is more easily tol- 
«vated than other collapse procedures. Function studies were of little prog- 

istic value in patients with bronchial asthma if evaluation was made during 
| asymptomatic phase. Two patients who were considered to be too ill to 
ive function studies did not survive operation. Unexpected disability after 

‘covery usually could be traced to operative complications, Accidentally 
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induced pneumothorax, hemothorax, atelectasis, bronchopleural fistula with 
empyema, and extension of the disease were the most frequent offenders in 
this regard. 

Rarely, misinterpretation of available data was responsible for respiratory 
fatalities or undue disability after operation. The MBC and other tests which 
are sensitive to obstructive ventilatory insufficiency, particularly timed vital 
capacity and air velocity index, proved of greatest prognostic value. The 
VC was often misleading and was useful chiefly when viewed in the light of 
other function tests. The walking dyspnea index usually was merely a re- 
flection of the MBC and not of exercise ventilatory requirement. The breath- 
holding test proved to be worthless. Bronchospirometry was the most helpful 
of the special tests. Residual volume and intrapulmonary mixing determina- 
tions in these cases served chiefly to differentiate true emphysema from hyper- 
inflation. With increasing experience, the interpretation of these tests im- 
proved and results were viewed with greater confidence: thirteen of the four- 
teen “respiratory” deaths occurred during the first three of our six-year ex- 
perience. 
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DISCUSSION 


DR. CLAIR BASINGER, Chicago, Ill.—In the absence of Dr. William Adams he has 
suggested that I present some of our experiences in the problem of pulmonary insufficiency. 
It has been our feeling that pulmonary hypertension is a significant factor in the death of 
these patients with reduced pulmonary reserve, Data presented before this Association one 
year ago by Dr. Adams showed that dogs died of heart strain when the pulmonary artery pres- 
sure was increased 100 per cent or more than normal values in animals in which the pulmonary 
function was reduced to 15 per cent of normal, Experiences over the past year in four pa- 
tients with extreme reduction in pulmonary reserve as measured by accepted pulmonary func- 
tion studies have shown that in three cases there was objective evidence of heart strain and/ 
or decompensation before or after operation as measured by increased pulmonary artery pres- 
sures or signs of decompensation. The recording oximeter was useful in managing postopera- 
tive therapy following intrathoracic surgery. 

(Slide) This is a 58-year-old man with carcinoma of the right lung, and the data are 

ade from the oxygen saturation twenty-four hours postoperatively, With 2.5 to 5 L. of 
oxygen the saturation was brought up to 94 to 96 per cent. In checking these patients the 

sual finding has been that seldom is more than 5 L. of oxygen necessary to bring peripheral 
situration up to normal values. 

(Slide) This is a 64-year-old man with markedly reduced pulmonary function; a carci- 
ma of the right lung was found, and a right pneumonectomy was performed, He did well 
tT approximately ten days following operation but then increasing amounts of oxygen were 
‘cessary. He died twenty days following operation from cor pulmonale and right heart 

fnilure. This shows the mean preoperative pulmonary artery pressures, 31 cm. of saline solu- 

ton, corrected to the level of the pulmonary artery. Postoperatively, after ligation of the 
tery, it rose to 53 em. of saline solution. The normal mean pulmonary artery pressure is 
em, of saline solution so that this man then had about 105 per cent increase in this pres- 
re, 
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These data bring out the role of pulmonary hypertension as a factor in heart strain, 
perhaps contributing considerably to the death of these individuals, Relatively small amounts 
(1 to 2 L./min.) of oxygen are necessary to increase the oxygen saturation values and bring 
them to normal. From these experiences it would appear that oximetry would be helpful in 
estimating the risk of resection in patients with severely reduced pulmonary function. It is 
realized that the cases spoken of are not pulmonary tuberculosis, but we think the principles 
are equally applicable, 


DR. PAUL NEMIR, Jr., Philadelphia, Pa—I have greatly enjoyed Dr, Gaensler’s fine 
presentation. We have been interested, also, in finding methods of obtaining more accurate 
preoperative evaluation of pulmonary function in the poor-risk patient or the patient with 
boderline pulmonary reserve. About two and one-half years ago, we began studying pul- 
monary function by using a method originally devised by Carlens, Hanson, and others in 
Crafoord’s clinic, wherein controlled occlusion of the right or left pulmonary artery and the 
corresponding bronchus was carried out in the intact unanesthetized patient. We have been 
using a special triple-lumen cardiac catheter, with recording lumina both proximal and distal 
to an oceluding balloon. This catheter is passed in routine fashion into the right or left 
pulmonary artery, and the balloon is inflated with Diodrast until the artery is occluded, A 
Carlens endotracheal catheter has been used to ocelude the bronchus on the corresponding 
side, In this manner, we feel we have created for all practical purposes a physiologic ‘‘ pneu- 
monectomy,’’ and studies have been made on the function of the remaining lung. Through 
the triple-lumer catheter, we have been able to obtain pressures at various locations in the 
pulmonary system and, in addition, careful gas analysis studies have been performed, Our 
studies have confirmed many of the observations which the essayist has related. We have 
studied about twenty-three patients at present, and almost all have been poor-risk patients or 
patients with borderline pulmonary reserve as determined by the ordinarily used methods. 
The small number, of course, allows no definitive conclusions; however, there has been a 
definite relationship between a sustained increment of the main pulmonary artery pressure 
following occlusion of its right or left branch and the occurrence of dyspnea in the post- 
operative period following resection. We have felt that this will be a good method for de- 
termining resection tolerance in poor-risk patients undergoing extensive pulmonary surgery. 


DR. WARRINER WOODRUFF, Saranac Lake, N. Y.—Dr. Gaensler’s emphasis on the 
importance of pulmonary insufficiency as a cause of mortality and invalidism is very timely. 
I believe he would agree that studies of pulmonary function are being used increasingly 
more, but that many patients with borderline function are still being subjected to surgery 
without the advantages of such information. It is true that most patients will withstand 
major thoracic surgery without incident because we are normally endowed with great pul- 
monary reserves. In the poor-risk patient, however, it becomes obligatory to have accurate 
knowledge of the extent of impairment. 

I should like to ask Dr, Gaensler if early in his studies he did not find that his con- 
templated surgical approach had to be changed because of his findings. We have had that ex- 
perience on a number of occasions, 

I agree with Dr, Gaensler that a Lucite thoracoplasty is frequently better tolerated 
than a routine thoracoplasty or a resection, but it should be emphasized that the reason is 
that with this method it is possible to maintain an intact thoracic cage, which is particularly 
important in a patient with limited reserves. 

[ am not clear as to the importance he attaches to vital capacity, We have felt for a 
long time that the vital capacity, of itself, is of little value, and in many instances has been 
misleading. 


DR. EDWARD A. GAENSLER, Boston, Mass. (closing).—Dr. Basinger’s comments are 
borne out by our clinical observations; in most of our late respiratory deaths pulmonary 
hypertension, cor pulmonale, and cardiac failure were the important complications, The lungs 
have a tremendous capacity for handling increased blood flow without appreciable rise in blood 
pressure, Most of our patients had unilateral or well-localized disease, and pulmonary hyper 
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ension was not demonstrable. When there was an additional diffuse process, usually emphy- 
ema, asthma, or pleural disease, increased resistance to blood flow could be demonstrated 
it times. Chronic empyema and fibrothorax were the worst offenders in diminishing the 
ung’s ability to handle increased blood flow; during bronchospirometry the oxygen uptake 
vas always much more severely diminished than ventilation. 

Ear lobe oximetry under various conditions of exercise or high and low oxygen breath- 
is being advocated as a test of pulmonary function. Further investigations in this regard 
needed. We have not used this and other ‘‘oyver-all’’ function examinations as part of 

uur sereening because these tests evaluate the cardiorespiratory system in its entirety from 
he mouth to the peripheral capillaries. If the response is abnormal one does not know 
vhether this is due to ineffective mass exchange of air, increased dead space or functional 
esidual capacity, inefficient intrapulmonary distribution, impaired diffusion of oxygen across 
he alveolar-capillary membrane, the existence of abnormal venous-arterial shunts, defective 
ransport of oxygenated blood, or incompletely ‘‘arterialized’’ blood in the ear lobe. 

Dr. Nemir mentioned his experiences with occlusion of one branch of the pulmonary 
rtery. I have had an opportunity to see this examination performed by a group in Sweden. 
‘triking roentgenographic and physiologic observations have been possible with this method. 
‘he complexity of machinery, however, and maneuvers required for simultaneous broncho- 
pirometry, cardiac catheterization, and angiocardiography define this technique as a re- 
earch procedure rather than a routine function test. 

Dr. Woodruff has assumed correctly that our surgical program has been modified from 
ime to time by results of pulmonary function studies. Four years ago, in Denver, we pre- 
‘ented a paper dealing with a number of patients with marginal function who were treated 
by extrapleural pneumonolysis. Our studies had suggested that this is a most function-spar- 
ing procedure. Similarly, staged thoracoplasty has been largely abandoned in favor of sub- 
ostal plombage because it was shown that the latter procedure is more easily tolerated from 

respiratory standpoint, In individual patients as well, the surgical program has been de- 
ayed or altered according to changes in pulmonary function, Occasionally, results of studies 
from the laboratory stayed our hands when we had been willing to operate on the basis of 
clinical observations. More often, results of function studies encouraged us to proceed with 
surgery in patients who clinically appeared to have insufficient pulmonary reserve. 

We agree with Dr. Woodruff that the measurement of the vital capacity, as such, is of 
little value in estimating pulmonary reserve. We continue to measure this volume for the 
aleulation of the air velocity index, Lesser impairment of vital capacity than of maximal 
breathing capacity is indicative of an obstructive ventilatory defect. Also, the vital capacity 
must be known if the percentage of this volume delivered during various time intervals is to 
be caleulated. 

We should like to thank the discussants for their comments, 





ARTERIALIZATION OF THE CORONARY SINUS IN OCCLUSIVE 
CORONARY ARTERY DISEASE 
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oF Six Montus’ DurRAtTION 


Atvin A. Baxst, M.D., ALBERTO ADAM, M.D., Harry GoupBereG, M.D., AND 
CHARLES P. BatLEy, M.D. 
PHILADELPHIA, Pa, 


HIS is a continuation of previous studies’ * undertaken to investigate the 

physiologic changes which occur in the coronary circulation following 
chronie arterialization of the coronary sinus for a period of six months. 

Pratt* and Roberts and co-workers’ first described the concept of revas- 
eularizing the heart in occlusive coronary artery disease, by perfusing the 
myocardium in retrograde fashion, through the coronary sinus. Beck and his 
associates® * developed this procedure to its present two-stage technique. It 
utilizes the placement of a free vein graft between the aorta and the coronary 
sinus at a first stage, followed by the subsequent partial ligation of the coro- 
nary sinus to 2 to 3 mm. one month later. 

Our experiments in dogs in which the coronary sinus had been arterialized 
for four to eight weeks leave no doubt that arterialization of the coronary 
sinus favorably modifies the mortality following the acute occlusion of the 
left circumflex coronary artery. Moreover, in these dogs, we were able to 
demonstrate that (1) the myocardium was perfused in retrograde fashion, 
(2) the myocardium extracted oxygen from the blood flowing retrogradely, 
and (3) there was an increase in the intercoronary collateral flow. 

It was obviously essential to study dogs in which the coronary sinus had 
been arterialized for prolonged periods of time to determine whether the retro- 
perfusion of the myocardium, and the increase in interarterial collateral flow 
persisted. We are therefore reporting our findings in a group of animals in 
which the coronary sinus has been arterialized for a period of six months. 
An additional group of animals in which the coronary sinus is being arterial- 
ized for a period of twelve months will be reported upon. 


METHOD 


Mongrel dogs, whose weights varied between 12 and 18 kg., were first prepared, 
using the two-stage operation developed by Beck. At a first stage, through a left-sided 
approach, an external jugular vein graft was placed between the aorta and the coronary 
sinus. Three to six weeks later, using a right-sided approach, the coronary sinus was 
partially ligated over a probe to 2 to3 mm. Six months following the second stage, physio 
logic data were obtained. The animals were anesthetized with intravenous sodium pento- 
barbital, after which artificial respiration was maintained, using a Pneophore respirator* 
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attached to an endotracheal tube with inflated rubber cuff, to supply intermittent positive 
pressure. The left chest was entered through the fourth intercostal space, and all pleural 
ind pericardial adhesions were divided. The vein graft was dissected, and examined for 
patency. Only dogs with patent grafts were used. An umbilical tape was passed around 
the graft, to facilitate its occlusion at the appropriate moment. A needle-tipped polythene 
catheter, attached to a water manometer, was inserted into the coronary sinus, after which 
voronary sinus pressure, and blood sample for determination of oxygen content were ob- 
tained (Fig. 1). The graft was occluded for a period of twe minutes, after which the ex- 
periment was repeated (Fig. 2). The circumflex branch of the left coronary artery was 
lissected to its origin, and ligated. An incision was made in the wall of the artery distal 


90 om, Ane 


GRAFT OPEN 


; Fig. 1.—A needle-tipped polythene catheter attached to a water manometer is inserted 
into the coronary sinus proximal to the site of partial ligation. Coronary sinus pressure is 
elevated to levels above that recordable by the manometer when its base is maintained at 
sinus level. The recorded readings are corrected by raising the base of the manometer above 
Jeo ag of the coronary sinus, measuring this distance, and totaling it with the manometric 
reading. 


to the ligature, through which it was cannulated. <A sample of retrograde circumflex 
coronary arterial blood was collected (Fig. 3), simuitaneous samples being obtained from 
ie aorta and pulmonary artery, for determination of oxygen content and saturation data. 
The minute volume of retrograde blood flow was then recorded. At this point the graft 
as occluded, and the experiment was repeated (Fig. 4). The distal circumflex artery 
‘as permitted to bleed freely for two minutes, during which time minute retrograde flow 
lumes were recorded, prior to the collection of blood samples for oxygen content. This 
der was maintained since in our previous experiments on the four to eight weeks’ ani- 
als, we noted that the retrograde blood oxygen content increased gradually over a period 
0 two minutes, before becoming stationary. 
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Fig. 2.—A needle-tipped polythene catheter was previously inserted into the coronary 
sinus proximal to the site of partial ligation, and attached to a water manometer. The aorta 
to coronary sinus vein graft is occluded, and the fall in coronary sinus pressure is recorded. 
Following occlusion of the graft, a period of two minutes is allowed to elapse before a blood 
specimen is obtained for determination for blood oxygen content. 


8.3 CeCe RED GRAFT OPEN 


Fig. 3.—The circumflex branch of the left coronary artery is carefully dissected to its 
origin, where it is ligated. The artery is incised distal to the ligature, and a polythene 
catheter is inserted. Retrograde blood flow from this distal segment is recorded, and blood 
samples are secured for the determination of oxygen content. 
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RESULTS 

A. Retrograde Blood Flow From the Distal Cut End of the Ligated Cir- 

cumflex Branch of the Left Coronary Artery—The results are shown in Table 

I. With the graft open, retrograde blood flow ranged from 3.0 to 18.0 ¢.e. per 
minute, with an average of 8.3 ¢.c. per minute. 
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8.7 CeCe RED 
GRAFT CLOSED 


Fig. 4.—The left circumflex artery was previously ligated at its origin, and the distal 
segment was cannulated with a polythene catheter. The aorta to coronary sinus vein graft 
is occluded, and the distal end of the transected coronary artery is allowed to bleed freely 
through the cannula for a period of two minutes during which time minute blood flow is 
recorded. At the conclusion of this interval of time, a blood sample is secured for the 
determination of blood oxygen content. 


Following the occlusion of the aorticocoronary sinus vein graft, the retro- 
grade circumflex artery blood flow remained unchanged in all dogs except 
Dog 6, in which it increased significantly. These values ranged from 3.0 to 
17.0 ¢.c. per minute, with an average of 8.7 ¢.c. per minute. Dog 6 will be dis- 
cussed later, with respect to findings at post-mortem examination. 

B. Oxygen Content of the Retrograde Blood Collected From the Distal End 
of the Transected Circumflex Artery—The results are shown in Table I. The 
values for the oxygen content of this retrograde blood ranged from 10.0 to 
17.4 volumes per cent, with an average of 14.6 volumes per cent. Concomitant 
samples of aortic blood ranged from 16.4 to 19.1 volumes per cent, with an 
average of 17.7 volumes per cent. 

Upon careful inspection of these data, it may be observed that the animals 
divide themselves into two groups. In Dogs 4, 5, and 6, the retrograde ecir- 
cumflex blood oxygen content closely approximates that of aortie blood, and 
is therefore arterial in nature. In Dogs 1, 2, and 3, the retrograde circumflex 
blood oxygen content approximates that of the pulmonary artery, and there- 
fore represents mixed venous blood. In none of these animals was the retro- 
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TABLE I. RETROGRADE BLooD FLOW AND OXYGEN CONTENT OF BLOOD FROM THE DISTAL CuT 
END OF THE LIGATED LEFT CIRCUMFLEX ARTERY IN SINUS ARTERIALIZED DoGs OF SIX 
MONTHS’ DURATION WITH THE GRAFT OPEN AND CLOSED 











-| GRAFT OPEN | GRAFT CLOSED — | PUL. 

| CIRCUMFLEX ARTERY | CIRCUMFLEX ARTERY | AORTIC BLOOD ARTERY 

DOG FLOW | 0, CONT. FLOW 0. CONT. | CONT. CAP. CONTENT 
C.C./MIN. | VOL. % | C.C./MIN. | VOL. % VOL. % VOL. % % VOL. % 











Approx. 
10 





] 14.9 116.9 16.5 100 11.6 
13.2 ‘ 18.3 16.9 16.9 100 12.4 
14.8 3. 15.1 19.1 19.3 99 14.8 
17.2 “ 17.0 19.0 19.9 95.5 
15.3 é 17.2 16.4 17.8 92 
17.4 : 17.2 17.8 17.3 100 
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grade blood oxygen content within the range of the normal coronary sinus 
blood, as was invariably found in the dogs in which the coronary sinus had 
been arterialized for one to two months. 

Following the clamping of the vein graft, the blood oxygen content rose 
further toward that of aortic blood. These values ranged from 14.9 to 18.38 
volumes per cent, with an average of 16.6 volumes per cent. In Dogs 4, 5, and 
6, these values remained practically unchanged. In Dogs 1, 2, and 3, there 
was a definite rise in blood oxygen content toward arterial levels. 


C. Mean Coronary Pressure and Blood Oxygen Content.—The results are 
shown in Table II. With the graft open, the mean coronary sinus pressure 
ranged from 85 to 100 em. of water, with an average of 90 em. of water. The 
oxygen content of the arterialized coronary sinus blood ranged from 14.9 to 
19.6 volumes per cent, with an average of 17.4 volumes per cent. 


TABLE II. MEAN CORONARY SINUS PRESSURE AND OXYGEN CONTENT OF CORONARY SINUS 
Bioop IN Sinus ARTERIALIZED DoGs or SIx MONTHS’ DURATION WITH THE 
GRAFT OPEN AND CLOSED 

GRAFT OPEN GRAFT CLOSED PUL. 

CORONARY SINUS CORONARY SINUS | _ ARTERY AORTA 
| PRESS. O. CONT. PRESS. 0.CONT. | CONTENT CONTENT 

DOG. NO. CM. H,0 VOL. % CM. H,O VOL. % | VOL. % voL. % 
M. Fo 1 JO JM. Fhe 4e /O 46 /O - FO 

85 16.7 6.0 4.8 11.6 16.9 

90 16.6 6.5 6.0 12.4 16.9 

90 18.8 6.5 9.8 14.8 19.1 

85 19.6 6.0 8.9 15.5 19.0 

90 14.9 6.0 10.3 13.5 16.4 

100 17.9 (fg 9.7 12.3 17.8 


Aver. 90 —s«dATA «64 8.3 134 17.7 
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Following the occlusion of the aorticocoronary sinus vein graft, coronary 
sinus pressure rapidly fell to normal. The pressures ranged from 6.0 to 7.5 em. 
of water, with an average of 6.4 em. of water. The coronary sinus blood oxy- 
gen content ranged from 4.8 to 10.3 volumes per cent, with an average of 8.5 
volumes per cent. 


DISCUSSION 


The most striking finding of the experiment revolves around the marked 
changes which occur in the coronary cireulation between the second and sixth 
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month, in animals in which the coronary sinus has been arterialized. In the 
coronary sinus arterialized animals of four to eight weeks’ duration, we were 
able to demonstrate unmistakable evidence of retroperfusion of the myocardial 
capillary bed. In the present series of coronary sinus arterialized animals of 
six months’ duration, we were unable to demonstrate this retroperfusion of 
the capillary bed. This finding was further verified by injection studies per- 
formed in vivo. In these experiments, a colloidal suspension of carbon particles 
was injected into the aorticocoronary sinus vein graft of a few animals under 
arterial pressures of 120 to 150 mm. after the circumflex coronary artery had 
been ligated. Under these circumstances, minimal injection of the left ven- 
tricle was noted, whereas the rapid and abundant filling of the pericardial and 
endothoracie vessels was striking.’ 

These injection studies suggested that arterialization of the coronary sinus 
produced an increase in the extracardiae collateral anastomosis. This increase 
in the coronary collateral circulation was further substantiated by our physio- 
logie studies, and was demonstrated in our series of both two- and six-month 
animals. 


In our previous studies! we have been able to demonstrate the presence of 
only a small amount of intereoronary collateral flow in normal dogs. In those 
animals, retrograde circumflex coronary arterial flow was small in quantity, 
measuring approximately 1.7 ¢.¢e. per minute, and was arterial in nature. The 
arterial nature of this blood demonstrated its origin to be from neighboring 
coronary arteries, and therefore represented a measure of the interecoronary 


arterial collateral flow. 

In a series of animals in which the coronary sinus had been arterialized 
for four to eight weeks, these findings were significantly changed.? With the 
graft open, the coronary sinus contained arterialized blood under systemic 
pressures. Concomitantly, retrograde circumflex arterial blood flow averaged 
12.2 e.e. per minute, which represented a significant increase over the normal. 
Moreover, this retrograde blood differed from that of the normal animal in 
that it was now markedly deoxygenated, the oxygen content being within the 
range of that of normal coronary sinus blood. The desaturation of this blood 
clearly demonstrated the retroperfusion of the myocardial capillary bed with 
the extraction of oxygen by the myocardium. Following the ocelusion of the 
aorticocoronary sinus vein graft, the retrograde circumflex coronary arterial 
blood flow decreased to 7.1 ¢.c. per minute, and again became highly oxy- 
genated. The arterial nature of this blood again signifies that it has arisen 
from intereoronary anastomoses. This retrograde coronary arterial blood flow 
represents a fourfold increase above the expected normal retrograde flow 
values, and probably represents a significant increase in the intercoronary 
arterial anastomotie flow. 

In the present series of animals in which the coronary sinus has been ar- 
terialized for six months, the findings are significantly changed from those in 
the four- to eight-week group. 

With the graft open, the retrograde blood flow averages 8.3 ¢.e. per min- 
ute. In half of these animals (Dogs 4, 5, and 6), this retrograde blood is highly 
oxygenated, the oxygen content of which is within the range of concomitantly 
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drawn samples of aortic blood. The oxygen content of the retrograde coronary 
arterial blood in these three dogs averaged 16.6 volumes per cent, as compared 
to an average oxygen content of 17.7 volumes per cent in concomitantly drawn 
samples of aortic blood. The arterial nature of this blood demonstrates that 
it has originated from neighboring unligated arteries. This then demonstrates 
an increase in intercoronary collateral flow. In the remaining three animals, 
the oxygen content of the retrograde blood averaged 13 volumes per cent, as 
compared to an average oxygen content of 17 volumes per cent in concomi- 
tantly drawn samples of aortie blood, and 13 volumes per cent in simulta- 
neously drawn samples of pulmonary arterial blood. This retrograde circumflex 
arterial flow is therefore within the range of pulmonary arterial, or mixed 
venous blood. It in no way approximates the highly desaturated blood found 
in the two-month group. Rather, it is suggestive of an incomplete loss of 
retroperfusion, with mixing of blood from interarterial and capillary bed 
origin. 

Following the occlusion of the aorticocoronary sinus vein graft, the retro- 
grade circumflex arterial blood flow averages 8.7 ¢.c. per minute, which is in- 
significantly changed from that with the graft open. The oxygen content of 
the retrograde blood in Dogs 4, 5, and 6 remains unchanged, and is persistently 
arterial in nature. The oxygen content of the retrograde blood in Dogs 1, 2, 
and 3 rises toward that of the aortic sample, much the same as was noted in 
our four- to eight-week animals. 

Strikingly, then, in the animals in which the coronary sinus has been ar- 
terialized for six months, the retrograde circumflex arterial flow is unchanged 
by the opening or occlusion of the aorticocoronary sinus vein graft. The oxy- 
gen content of this blood, too, is unaffected by the presence or absence of the 
vein graft in 50 per cent of the animals and is only minimally affected by the 
presence of a functioning graft in the other 50 per cent. In other words, no 
significant contribution to the retrograde circumflex arterial flow could be 
demonstrated to arise from the arterialized coronary sinus. 

Thus, to all intents and purposes, the retrograde circumflex arterial blood 
flow averages 8.5 ¢.c. per minute and is arterial in nature. This retrograde 
flow represents a fivefold increase above the expected normal value and demon- 
strates a significant increase in the intereoronary arterial anastomotic flow. 
This finding is unaffected by the opening or the occluding of the vein graft. 
Moreover, a significant retroperfusion of the myocardial capillary bed cannot 
be demonstrated in this group of animals. 

These findings serve to confirm those recently reported by Eckstein and 
his associates.*-1° These workers noted that the retroperfusion, which existed 
in dogs in which the sinus had been arterialized for four weeks, could no 
longer be demonstrated after three months. At the end of this period of time, 
they, too, found the retrograde cireumflex coronary arterial blood to be arterial 
in nature and therefore postulated its origin to be from interarterial collaterals. 
Moreover, by injecting barium gelatin into the circumflex artery, they were 
able to demonstrate small interecoronary anastomoses. This finding has been 
demonstrated by Angulo" using the previously described colloidal suspension 
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of earbon technique, for injection. Eckstein and co-workers also demonstrated 
that the blood flowing in retrograde fashion from the distal eut end of the 
ligated circumflex artery probably has its chief origin in the anterior descend- 
ing artery. They were unable to demonstrate any significant contribution to 
this retrograde blood flow by the arterialized coronary sinus. 

The mortality rate following circumflex coronary arterial ligation also 
inereased significantly in the six-month group of animals, as compared to that 
of the four- to eight-week group. For the purposes of this comparative mor- 
tality report, those animals living for four hours, and then sacrificed for in- 
jection studies, are classified as survivals. In our normal control group of 
animals, ligation of the cireumfiex coronary artery at its point of origin from 
the main trunk resulted in a 90 per cent mortality. In our group of coronary 
sinus arterialized animals of four to eight weeks’ duration, this mortality rate 
fell to 20 per cent. In the present group of animals, in which arterialization 
of the coronary sinus existed for six months, ligation of the circumflex coro- 
nary artery is attended by a 66 per cent mortality. This, then, demonstrates a 
progressive decrease in the protection to the heart afforded by the arterialized 
coronary sinus over the six-month period. 

The retrograde circumflex arterial flow, with the graft open and closed, 
in Dog 6 bears comment. In this animal the retrograde flow increased from 
8 to 12 ¢.c. per minute following occlusion of the graft. This was not just an 
isolated observation, but was repeated and verified three times. Eckstein and 
associates’? also described this increase in retrograde flow following clamping 
of the graft in several dogs in which the sinus had been arterialized for longer 
than three months. At post-mortem examination of this heart specimen, we 
noted that the ostium of the coronary sinus had only been reduced to 4 mm., in 
contradistinetion to a reduction of the coronary sinus ostium to 2 mm. in the 
remaining specimens. Possibly, the 4 mm. ostium produced an arteriovenous 
fistula of such magnitude that occlusion of the graft, by obviating the fistula, 
improved the inflow of blood into the unligated anterior descending coronary 
vessel and thereby increased the interarterial collateral flow. It is interesting 
to speculate whether in those animals reported upon by Eckstein and associates, 
in which this inerease in retrograde flow following occlusion of the graft was 
demonstrated, the ostium of the coronary sinus was similarly ligated to only 
4 mm. 

The favorable effects produced by arterialization of the coronary sinus 
apparently regress over a period of six months. T'urther physiologic studies 
on animals in which the coronary sinus has been arterialized for a twelve- 
month period are now in progress and will be presented at a future date. 


SUMMARY 


1. Retrograde blood flow and oxygen content from the distal eut end of 
the ligated and transected cireumflex artery have been determined in dogs in 
which the coronary sinus has been arterialized for a period of six months. 
These determinations have been performed with the graft open and closed. 
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2. With the graft open, coronary sinus pressure is within the range of 


systemic pressure and the coronary sinus blood is of high oxygen content. 

3. When the graft is occluded, coronary sinus pressure and blood oxygen 
content revert to normal levels. 

4. With the graft open, retrograde circumflex arterial blood flow is five 
times greater than the expected normal, but is less than that present in the 
four- to eight-week group of animals. This blood is arterial in nature, approxi- 
mating the oxygen content of aortic blood. This retrograde blood flow is 
probably due to an inerease in the interarterial coronary collateral circulation. 

5. Ocelusion of the graft does not significantly alter these findings, which 
points toward its dispensability after six months. 

6. The mortality rate following cireumflex coronary arterial ligation, 
which was 20 per cent in the four- to eight-week sinus arterialized animals, rose 
to 66 per cent in the six-month group. 

7. Retroperfusion of the myoeardial eapillary bed, which was demon- 
strated in the four- to eight-week animals, could no longer be demonstrated 


in the six-month group of animals. 

8. A significant fivefold increase in the retrograde blood flow, occurring 
via intercoronary arterial anastomoses, persists between the second and sixth 
month after arterialization of the coronary sinus. 
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THE HEALING OF RAW LUNG SURFACES AFTER EXPERIMENTAL 
SEGMENTAL RESECTION 


Harvey W. Kausex, M.D.,* ann Gustar KE. LinpskocG, M.D. 
New HAveEN, Conn. 


INCE first described by Churchill and Belsey? in 1939 and subsequently 
S modified by Blades,? Clagett and Deterling,*? segmental pulmonary resec- 
tion has received increasing attention. These pioneer efforts supplemented 
greatly by the important anatomic studies of Boyden and his associates*® 
enabled Overholt’ and others to extend the technique and principles of seg- 
ental resection, making virtually all pulmonary segments susceptible to such 
excision. The obvious advantages and desirability of preserving a maximum 
of normal lung parenchyma, and thus greater function, need no amplification. 
The initial, and the chief, indication for segmental resection was bronchiectasis, 
itself a segmental disease. Subsequently, the indications for segmental resee- 
tion have been expanded to include many other types of pulmonary pathology 
including tuberculosis. 

In sharp contrast to total lobectomy and pneumonectomy, the earlier re- 
ported series of segmental pulmonary resections demonstrated a uniformly 
higher incidence of complications in the form of fluid accumulation, pneumo- 
thorax, incomplete or delayed re-expansion, bronchopleural fistula and em- 
pyema.®"!"_ Indeed, Ochsner and his co-workers!” at one time concluded that 
the frequent occurrence of such complications limited the usefulness of seg- 
mental resection. That these complications are more prone to develop when 
dealing with suppurative conditions is undoubtedly significant.’ '* The use 
of the intersegmental vein as an anatomic guide to segmental resection, demon- 
strated by Ramsey' and stressed by Chamberlain! and others,® and various 
methods to pleuralize the raw lung surface'®:'® have been suggested to over- 
come this high complication rate. More recent reports*® '® indicate a gratify- 
ing reduction in complications, and lead Chamberlain’® to conelude that the 
morbidity following segmental resection is no greater than in total lobectomy. 

Since the raw lung surface that remains following segmental resection is 
not present after lobectomy, unless an incomplete fissure must be transected, 
it might seem that a causal relation exists between it and the compiications 
whieh have been noted. This report is concerned with experimental studies 
in dogs to evaluate the immediate and ultimate fate of the raw lung surface, 
and attempt to assess various methods of treating such wounds. 

Clinically, Abbott’? opposed the use of fibrin foam or other coagulating 
materials, fearing that such agents might lead to clotting hemothorax. He 
did, however, advocate suturing the remaining segments to remaining intact 
lobes, thereby preventing rotation of the preserved segments and subsequent 
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bronchial obstruction. Most observers have been in agreement with Clagett 
and Deterling* that the raw lung surface should not be closed by suture, 
feeling that such a technique predisposes to obstruction, possible bronchiectasis, 
and unnecessary loss of lung parenchyma. The use of pleural grafts or flaps 
to cover the raw surface as practiced by some has already been mentioned. 

Experimental studies of lung wounds have been few, the first reported 
being those by Oleh and Ballon'® in 1929. They made simple incised wounds 
in the lungs of dogs and closed the visceral pleura by suture. No adhesions 
between the parietal pleura and the sear on the visceral pleura were observed, 
and they concluded that a sear of lung tissue resembles a scar elsewhere in 
the body, save for the collapse of adjacent alveoli caught in the contracting 
and retracting scar. They also concluded from similar experiments, in which 
Trypan blue was given intravenously and intratracheally, that such sears 
arising from simple incision and suture have their origin from the supporting 
framework of the lung and that the cells lining the alveoli do not contribute 
to the scar. Daniel?° investigated the effect of bullet wounds upon the lung, 
but, since he was concerned only with the immediate results of such trauma, 
no observations on their subsequent course or healing were made. Bailey, 
Ingraham, Swenson, Lowrey, and Bering*' created simple incised wounds of 
the lung in eats and monkeys, placing fibrin foam with thrombin in the 
wound and then suturing the visceral pleura. They felt that bleeding from 
such wounds was controlled by these agents and that tissue reaction to the 
hemostatic material was mild. No control series without the use of fibrin 
foam and thrombin was made; thus no comparative evaluation of immediate 
and ultimate tissue reaction was possible. Montgomery”? created wedgelike 
wounds in the lungs of eats and sutured the visceral pleura after the wedge 
of tissue had been removed. As small areas of denuded lung tissue remained 
between the pleural sutures, he made observations upon the restoration of the 
continuity of the pleura in these small areas. He concluded that the alveolar 
‘‘endothelium’’ was chiefly responsible for the formation: of fibroblasts and of 
collagen. The generally accepted concept that lung tissue is incapable of 
regeneration was also challenged by this writer since it was thought that the 
terminal bronchioles did produce ‘‘buds’’ and regenerated from such areas 
of ‘‘bronechial budding.’’ Joannides, Hesse, and Joannides”* studied the effect 
of crush wounds, sutured wounds, and wedge resections, as well as the irrita- 
tive effects of suture materials on the lungs of dogs. Valle and Mider?* also 
investigated the reaction of lung to various suture materials in dogs. In addi- 
tion, they studied wounds created by clamping an edge of a lobe, resecting the 
lung distal to the clamp, and closing the defect by a continuous stitch over the 
clamp which was then removed. 

In all of the above experiments, it is quite apparent that the wounds pro- 
duced, either by simple incision, wedge resection, or crushing, were made with- 
out regard to segmental pulmonary anatomy. As a result, division of bron- 
chovascular structures occurred of necessity. While this in no way detracts 
from the observations concerning the healing of such wounds, it cannot be 
assumed that the raw lung surface created by segmental resection heals in a 
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similar manner. The only experimental study on the healing of the raw lung 
surface, created by segmental resection in eats, is that of Findlay,?* whose 
findings will be discussed later. 

MATERIALS AND METHODS 


Twenty-one dogs weighing between 12.and 20 kg. were employed for these 
experiments. They were divided into two groups consisting of 8 dogs in 
Group I and 13 dogs in Group II. 

Group I (8 dogs).—After anesthetization with intravenous Nembutal 
the right or left chest was shaved, an endotracheal tube inserted, and the dog 
suitably positioned for thoracotomy on an animal operating table. The skin 
was prepared with Kalmerid and draped with sterile towels and sheets. An 
aseptic technique was maintained throughout, and interrupted 4-0 black silk 
sutures were used. The thorax was entered through an intercostal incision, 
and, upon opening the pleural cavity, the endotracheal tube was attached to 
a respirator delivering an intermittent flow of air under positive pressure, the 
latter being regulated by a water manometer. In each instance a raw lung 
surface was created by performing a segmental resection, the superior segment 
of either the right or left diaphragmatic lobe being removed. Dissection was 
started with division of the pulmonary ligament up to the inferior pulmonary 
vein to facilitate the resection. The superior segmental vein of the diaphrag- 
matie lobe was identified and cleared, following which the superior segmental 
artery was freed up, doubly ligated at its origin from the lobar artery and 
transected between the two ligatures. The superior bronchus was dissected out, 
ligated with transfixion suture at its branching from the lobar bronchus, clamped 
distally and transected between the ligature and clamp. After division of the 
artery and bronchus, the previously cleared segmental vein was doubly ligated 
and transected between the two ligatures. In most instances, it was possible 
to identify and preserve the intersegmental vein, which was used as a guide to 
the intersegmental plane. With gentle traction applied to clamps placed on the 
transected bronchovascular structures, dissection of the intersegmental plane 
was begun at the hilum, and with gentle blunt dissection the superior segment 
was removed, the limiting visceral pleura being transected as the dissection 
proceeded peripherally. Following removal of the segment, the remaining raw 
surface was covered with a warm saline-moistened gauze sponge and gentle 
pressure applied for two minutes, after which the sponge was removed and the 
raw surface examined for air leak and bleeding. <A soft rubber catheter was 
introduced into the pleural cavity through the thoracotomy wound and the 
chest wall was closed in layers around it, after which the thorax was aspirated 
through the catheter, which was then removed. The dogs were placed on the 
operative side following surgery and were left in this position until they re- 
covered from the anesthesia. No chemotherapy or antibiotics were employed 
loeally or systemically in any ease. The size of the raw area created varied 
according to the size and weight of the dog; thus, the triangular defects pro- 
duced ranged from 9 to 15 square centimeters. In two instances, re-exploration 
was carried out; at the end of twenty-four hours (one day) in one dog and at 
seventy-two hours (three days) in another. At re-exploration, observations 





200 THE JOURNAL OF THORACIC SURGERY 


were made concerning the state of the previously created raw lung surface, and 
resection of the remaining basilar segments was performed to obtain the speci- 
mens. These two dogs were subsequently utilized for contralateral segmental 
resections. Of the remaining 6 dogs, 4 had staged bilateral segmental resections 
and 2 expired; one during and one twelve hours after unilateral segmental resee- 
tion. Thus in 8 dogs, 12 segmental resections were performed, and 2 dogs had 
additional lobectomies of the remaining basilar segments. The 6 remaining dogs 
were sacrificed at varying intervals and post-mortem examination of the thorax 
was made immediately, noting the presence or absence of pneumothorax, effusion, 
adhesions or evidence of infection. The lungs were removed in toto and inflated 
to approximately normal size by the endobronchial infusion of a modified 
Kaiserling’s solution, in which they were then placed for twenty-four hours, 
after which appropriate blocks were eut, placed in ten per cent formalin solution 
and prepared for microscopic study. Sections were made with hematoxylin 
and eosin, Mallory’s trichrome, and Verhoeff clastic stains. In this manner, 
eross and microscopic observations were available at 1, 3, 5, 10, 14, 21, 41, and 
180 days postoperatively, and furnished information concerning the fate and 
healing of such wounds as well as furnishing a eontrol for the experiments 
earried out in the second group of dogs. 

Group II (13 dogs).—All dogs in this group were subjeeted to segmental 
resection in a manner identical to that described for the Group I animals. After 
removal of the superior segment, the remaining raw lung surface was treated by 
one of the following methods: Gelfoam without thrombin, Gelfoam with throm- 
bin; Oxyeel (cotton type), Oxyeel (gauze type), and fascia obtained from the 
anterior rectus sheath. In two dogs, attempts were made to cover the raw area 
with a free graft of parietal pleura, or with visceral pleura swung from the 
surface of the resected superior segment. In the remaining animals a ‘‘fibrin- 
gel’’ was employed to cover the wound surface. This was prepared by mixing 
5.0 ¢.c. of a 1.5 per cent solution of fibrinogen* with 1.0 ¢.c. of thrombint solu- 
tion (10 units per cubic centimeter). This mixture resulted in a gelatinous clot 
within twenty seconds. It could not adequately be applied:to the wound surface, 
however, sinee it would not adhere. After various trials it was found that the 
simultaneous application of these two agents in a fine spray by means of 
atomizers, so that the small droplets united on the wound surface, resulted in an 
adherent clot the thickness and size of which could be controlled. As in the 
previous group, most of these dogs underwent staged bilateral surgery, a total 
of 18 segmental resections being performed. No antibiotics were employed in 
this group and early observations on the effects of the material used to cover the 
wounds were not made. The dogs were sacrificed so that observations at 14 and 
21 days were available. The specimens were examined in a manner similar to 
that outlined in Group I. 

OBSERVATIONS 

General.—At operation several observations were made. With deflation 
of the diaphragmatie lobe, reinflation after occlusion of the superior segmental 
bronchus resulted not only in rapid inflation of the basilar segments, but also 


*Fibrinogen (Bovine), The Armour Laboratories. 
Sterile Thrombin, The Upjohn Company. 
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in almost simultaneous inflation of the superior segment. This transpired with 
such rapidity that only a-transient and fleeting plane of demarcation was noted 
between the basilar and superior segments. Ligation of the superior segmental 
artery uniformly caused striking blanching of the entire superior segment. In 
no instance was bleeding or air leak from the raw surface of any significance. 
After application of the moist sponge, bleeding had either stopped or was 
manifest by only a seant, slow oozing. Similarly, the initial frothing caused by 
escaping air was either absent or nearly so. 

Group I (Gross): At 1 day, the wound presented a soft, smooth, dull red 
surface, having a hemorrhagic, fibrinous appearance. No pneumothorax or 
adhesions were noted. A small amount of serosanguineous fluid was present in 
the eostophrenie recess. At 3 days, adhesions and pneumothorax were still 
absent. The wound was smooth and glistening as though covered by a thin 
serosal layer which could be stripped off. The surface was firm to palpation, 
and eonsiderable clearing of the dark plane of resection to a lighter shade had 
oceurred (Fig. 1, A and B). At 5 days, delicate hilar adhesions between the 
inferior surface of the cardiac lobe and the wound were first noted, and at 14 
days these adhesions had inereased, so that usually the entire surface of the 
intersegmental wound was covered by the inferior surface of the cardiae lobe. 


Fig. 1.—A, Appearance of left lower lobe three days after resection of the superior seg- 
ment. The hemorrhagic, fibrinous surface of the segmental plane is at the upper right. B, 
Close-up view of the same specimen. The bosselated appearance characteristic of the inter- 
segmental plane is apparent. A shining, glistening membrane covers the wound. 


These surfaces could readily be separated, the wound then presenting a glisten- 
ing aspect suggesting a covering of serosa, with a white opalescent sheen, beneath 
which the lung tissue appeared a normal pink color (Fig. 2). At 21, 41, and 
180 days, little change could be noted in the observations made at 14 days. The 
adhesions between the wound and overlying cardiac lobe did not appear either 
more marked or denser (Fig. 3). When separated, the wounds showed no 
evidence of contracture and presented the appearance of almost normal lung, 
(Fig. 4) save for a somewhat thicker, milky, translucent surface over the under- 
‘ving parenchyma of the wound which also extended to involve the adjacent vis- 
ceral pleura, but to a lesser degree. In only one instance was an adhesion noted 
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between the wound and parietal pleura, and this was represented by a single, fine 
strand of tissue. One death resulted during operation from cardiac arrest, the 
other was associated with a tension pneumothorax, autopsy revealing disruption 
of the bronehial stump. 

(Microscopic): At 1 day—Seetions exhibited a predominantly exudative 
and vascular reaction. The wound surface was coated with a fibrinous layer 
containing only occasional trapped red cells and leukocytes. Beneath this fibrin 
surface a densely cellular area involving the parenchyma and consisting of a 
very intense hyperemia was noted. Under low magnification this area appevred 
hemorrhagie. 

Upon closer inspection at higher magnifications, however, it was evident 
that while some extravascular bleeding and hemorrhage into alveolar spaces had 
indeed occurred, the chief response was one of massive engorgement of the 
alveolar capillaries to such a degree that many air spaces were themselves 
obliterated. Neutrophils and lymphocytes were present, but there was no signif- 
icant leukocytie response. In the areas of marked hyperemia, the alveolar (or 
capillary endothelial) cells were enlarged with a denser, larger nucleus than is 
usually observed. No necrotic areas were seen and the neighboring bronchi were 
free of secretions and exudate although some red cells were present intraluminally 
(Fig. 5). 


Fig. 2. Fig. 3. 


Fig. 2.—-Appearance at 14 days. Cardiac lobe to the left, basilar segments on the right. 
The wound is pleuralized and hilar adhesions have formed. 

Fig. 3.—Appearance at 21 days. Only a fine scar separates the basilar segments and 
cardiac lobe. Such symphysis was frequent by 14 days. 


At 3 days—The wound surface was composed of a laminated layer of 
fibrin between which small numbers of red cells and occasional leukocytes were 
noted. The underlying parenchyma no longer demonstrated the intense capillary 
hyperemia seen at 24 hours, and the alveoli, though compressed, contained air. 

At 5 days—Muceh of the previously noted fibrin surface was absent, being 
replaced and invaded by large numbers of fibroblasts among which capillaries 
and small vessels were visible. The alveoli subjacent to this layer of fibroblastic 
proliferation still showed evidence of some compression and increased width of 
the alveolar walls. Within the alveoli were scattered red cells, occasional leuko- 
cytes, and numerous large histiocytes. Nearby bronchi contained moderate 
amounts of exudate and secretions (Fig. 6). 
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At 14 days—The wound surface was composed ne of fibroblasts and 
areolar connective tissue, with an increased vascularity and being of somewhat 
greater thickness than previously. Alveolar lining cells abutting upon this 


Big. 4. 


Fig. 5. 
Fig. 4.—S h normal dog lung for comparison and to demonstrate pleura and 


subjacent alveoli. The pleura is quite thin and not very vascular. Undulations are caused by 
elastic layer. Some anthracotic pigment is present in the lymphatics. (Masson stain; X85.) 


Fig. 5.—Section of wound at 24 hours. Hemorrhage and marked alveolar hyperemia is 
present. Adjacent alveoli are compressed. Bronchi are clear of secretions. A fibrin layer coats 
he surface. (Hematoxylin and eosin; X10 
fibrous layer were large, cuboidal or spherical in shape. Elsewhere, the alveolar 
walls were of normal thickness and the air spaces fully expanded. No alveolar 
or bronchial secretions or exudate were present (Fig. 7) 

At 21 days—The wound presented an appearance similar to that described 
at 14 days, but there were fewer fibroblasts and a tendency toward stratification 
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into a superficial zone of areolar connective tissue, and a deeper zone of more 
densely arranged collagenous fibers. The superficial areolar layer extended to 
cover the visceral pleura surrounding the wound area, and the inner collangenous 


Fig. 6. 


Fig. 6.—Wound at 5 days. Fibrin coat still present, and marked fibroblastic proliferation 
with capillary formation demonstrable. Alveoli are air containing but still compressed with 
thickened walls. (Hematoxylin and eosin; X27.) 

Fig. 7.—Wound at 14 days. Fibroplasia and vascularization more marked. Parenchyma 
is now essentially normal. (Hematoxylin and eosin, X27. 


layer appeared continuous with the fibrous layer of the adjacent pleura. Ap- 
propriate stains failed to demonstrate any elastic elements in the wound, the 
normal elastic layer of the visceral pleura being deficient throughout the wound. 
The subjacent parenchyma showed no changes (Figs. 8 and 9). 
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At 180 days—The stratification noted at 21 days was more striking and 
there was a noticeable decrease in the vascularity and thickness of the wound 
surface. No elastic layer could be demonstrated. No other changes were present 
(Fig. 10). 


Fig. 8.—At 21 days condensation of wound has occurred and fibrous tissue is more 
mature. (Hematoxylin and eosin; X27.) 

_ Fig. 9.—Elastic stain at 21 days demonstrates normal elastic tissue at the left; it is 
deficient over wound area to the right. Superficial areolar and deeper more densely arranged 
collagenous fibers are apparent as is the increased vascularity of the wound. (Verhoeff; 105.) 


Group IT (Cross): Observations in this group were made only at 14 and 
-1 days. The gross findings were essentially as in the control group for this 
period, but adhesions between the intersegmental wound and the parietal pleura 





206 THE JOURNAL OF THORACIC SURGERY 


were invariably present except in the dogs treated with ‘‘fibrin-gel.’? The wound 
surfaces of all but the ‘‘fibrin-gel’’ treated dogs contained thicker, denser ad- 
hesions, and a tendency toward contracture of the wound surface was noted 
(Fig. 11). Animals treated with the ‘‘fibrin-gel’’ spray showed little change 


Fig. 10.—Wound at 108 days. Elastic layer of intact pleura is visible on the right. It 
is absent in wound surface on the left. The stratification is well demonstrated and the super- 
ficial areolar layer continues across normal pleura. (Verhoeff; 105.) 


Fig. 11—Wound at 14 days treated with Gelfoam. Reaction more marked than in control. 
Compare with Figs. 2 and 3. 


from the control group. Two deaths oceurred in Group II animals. One dog 
treated with Gelfoam died nine days postoperatively of a massive empyema. The 
other dog, in whom a pleural graft had been attempted, expired on the fifth 
postoperative day of bilateral multilobar bronchopneumonia and foeal atelectasis. 
Neither dog is included in the description. 

(Microscopic): Sections of wounds treated by Gelfoam, Oxycel, and fascial 
grafts when examined at 14 days were similar to those of the control group 
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after the same interval, but the fibrobiastic reaction was of increased intensity 
and the subjacent alveoli contained some exudate and were more vaseular than 


present in the control group for this period. The ‘‘fibrin-gel’’ treated wounds 


ippeared almost identical with the control group (Figs. 12 through 16). 
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; Fig. 12.—Section of wound treated with Oxycel gauze 14 days previously. The reaction 
is more marked with loss and condensation of parenchyma. Residual cotton fibers may be 
Seen. (Hematoxylin and eosin; X27.) 


Fig. 13.—Section through wound treated with 


nhiirked and surrounds residual foreign body. 


Gelfoam 21 days before. Fibrosis is 
(Hematoxylin and eosin; X27.) 
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Fig. 14.—Sections through wound treated with fascia 14 days previously. The hyalinizeJ 
fascia is apparent. The underlying alveoli are quite compressed. (Hematoxylin anid 
eosin; X10.) 

Fig. 15.—Section of wound treated with “fibrin-gel’’ 14 days previously. There is slightly 
more ose than in control but considerably less than with other agents employed. (Ve'- 

oeff; xX ; 

Fig. 16.—Section through wound treated with “fibrin-gel’’ 21 days previously seen on 
the left. The normal adjacent pleura on the right contains an elastic layer deficient through 
the wound. (Verhoeff; x105.) 
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DISCUSSION 


Failure to obtain collapse of a segment when its bronchus was occluded is an 
example of active collateral respiration which ‘is well developed and _ readily 
observed in dogs.2° Segmental blanching immediately apparent after interrup- 
tion of a segmental pulmonary artery is a physiologic demonstration of the end 
nature of these arteries and is further confirmation of anatomical descriptions 
iat such vessels do not generally cross intersegmental planes.* 


Fig. 17. Fig. 

Fig. 17.—Photograph at operation taken just after removal of superior segment. Bubbles 
- —— is “aoe specimen as in Fig. 17 after application of “fibrin-gel’’ which is quite 
thick near the hilum. 

The absence of significant air leak or bleeding following seemental resee- 
tions performed in these experiments made impossible any evaluation of the 
various methods used to treat the wounds thus produced with regard to these 
two factors. Attempts to pleuralize by grafting the defects created met with 
technical failure, since the thin pleura of dogs made it impossibie to obtain an 
adequate sheet of intact membrane sufficient to cover the wound. 

The only conclusion made regarding the other methods utilized to treat the 
raw lung surface is that the healing process in terms of adhesions, parenchymal 
reaction, and fibrosis of the wound was more marked than in untreated control 
wounds at comparable periods of observation. The one exception was in those 
wounds treated with ‘‘fibrin-gel’’ in which no significant difference was noted. 
Employment of fibrinogen and thrombin solutions to form a fibrin layer on 
tlese wounds was predicated upon the observation that fibrin is normally 
elaborated on such wound surfaces quite early, and that additional exogenous 
fibrin might be of value by acting as a seal to lessen bleeding and air leak. Since 
the latter factors could not be evaluated, no conclusions concerning the efficacy 
oi ‘‘fibrin-gel’’ ean be made in this respect. However, in the absence of signitf- 
icant reactions, further evaluation and refinement of this technique might prove 
fruitful (Figs. 17 and 18). 
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“ 


Observations upon the healing and fate of the untreated raw lung surface 
created by segmental resection indicate that the healing process is a function 
of the underlying parenchyma of the lung. The early alveolar hyperemia and 
exudation of fibrin on the wound surface, and later fibroblastic proliferation 
with capillary formation, must of necessity be dependent upon the parenchyma 
beneath the wound. Only when the wound possesses a well-developed vascularity 
(14 days) do adjacent alveoli no longer reveal changes. At 21 days, healing is 
essentially complete, there being but moderate further maturation and conden. 
sation of the connective tissue between that time and six months. The ‘‘sear’’ at 
six months is essentially a reconstituted pleura, differing from the normal struc- 
ture only in a somewhat thicker layer of connective tissue and the absence of an 
elastic layer. 

Our studies thus tend to confirm those of Findlay? on the healing of such 
raw wounds, with two possible exceptions. First, it is felt that the early vascular 
reaction is greater than noted by this worker, although his earliest observations 
were made one day later than in those reported here. Second, although special 
studies to demonstrate mesothelial growth over the healing wound were not 
undertaken by us, the striking presence of the thin, glistening membrane cover- 
ing these wounds at 3 days, suggests that such mesothelial surfaces cover the 
wound sooner than the 6 weeks as observed by Findlay. 

The superficial layer of areolar conneetive tissue whieh covers the wound 
as well as adjacent visceral pleura is quite similar to the thin epipleural ‘‘peel’’ 
frequently observed following therapeutie pneumothorax. Possibly, this reac- 
tion may result from manipulation and exposure of the lobe at the time of 
operation and need not be concerned with, or a function of, the healing wound 
per se. 

We concur with the opinion of Valle and Mider** that regeneration of lung 
tissue as interpreted by Montgomery”? probably does not occur, since ‘‘ bronchial 
budding”’ was not observed in any of the wounds studied by us. The observations 
of Watts and MeDonald?* on alveolar lining eells in bronchiectasis afford an 
explanation for the ‘‘bronchial budding’’ noted by Montgomery. It is felt that 
the marked fibrosis resulting from the type of wound produced by Montgomery, 
caused the formation of clusters of sueh alveolar cells which were mistakenly 
construed as evidence for bronchial and alveolar regeneration. 

In discussing the subject of wound healing, Harvey’® stresses that the 
phenomenon proceeds at a given velocity and cannot be expedited; but that many 
factors may retard, complicate, or stop the process. It is believed that the 
differenees noted between the treated and untreated raw lung wounds studied 
by us support this fundamental concept. The larger, depressed sears observed 
by others'® ??: 2%? when pulmonary wounds are made without respect to bron- 
chovascular structures are also confirmatory evidence. 

Segmental pulmonary resection creates a relatively avascular wound, does 
not transect bronchioles; in the absence of infection or other complicating factors 
the wound heals ideally with little reaction, without significant parenchymal 
destruction, and results in a slightly modified pleura which is in fact the ‘‘sear’’ 
of such wounds. 
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SUMMARY 


1. The significance of the raw lung surface created by segmental pulmonary 
resection is discussed. 

2. Previous reports concerned with the healing of experimentally produced 
pulmonary wounds are reviewed. 

3. Observations on the healing and fate of treated and untreated raw 
intersegmental lung wounds produced in dogs are presented. 

4. The special problems arising from wounds resulting from segmental 
pulmonary resection are discussed and compared with the healing of other types 
of pulmonary wounds. 
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BENIGN MESOTHELIAL CYST OF THE DIAPHRAGM 
Donavp M. CLouGu, M.D., AND MIcHAEL BEIRNE, M.D. 


SAYRE, Pa. 


RIMARY tumors of the diaphragm are exceedingly rare, cystic tumors of the 

diaphragm are even less common, and benign mesothelial cysts of the 
diaphragm are medieal curiosities. The most common mesothelial eyst in th 
chest, while not of diaphragmatic origin, is the so-called pericardial coelomic 
cyst or eardiophrenic¢ angle cyst. 

Granché® reported the first primary tumor of the diaphragm in 1868 as 
an incidental autopsy finding. In reviewing the literature in 1950, Samson and 
Childress? recorded 35 cases of primary tumors of the diaphragm; about hal! 
of these were malignant. A very small proportion of these cases were primar) 
cysts and, as of 1949 (according to Aufses and Oseasohn'), there were onl) 
six cases of primary cysts of the diaphragm in the literature. [our of these 
cysts were lined by mesothelium and were considered congenital anomalies. 
Another one was a fibrous eyst lined by granulation tissue. This was con- 
sidered tuberculous in origin and was suecessfully removed (Robson and 
Collis®). In the sixth case, Scott and Morton* reported the suecessful removal 
of a large eyst filled with chocolate-like fluid from the dome of the left dia- 
phragm. 

In 1949 Claggett and Johnson*® added to the literature a case in which the 
tumor was found in the dome of the right diaphragm and histologically was a 
‘‘fibrous walled cyst containing putty-like material.’’ 

To these seven cases, Cruickshank and Cruickshank,‘ in 1951, added two 
cases of mesothelial cysts. Both cysts were intradiaphragmatie and the 
authors were unable to find any similar eases in the literature. 

Recently we encountered a case of mesothelial cyst of the diaphragm very 
much like those reported by Cruickshank and Cruickshank. 


CASE REPORT 

A 49-year-old white man was first admitted to the Robert Packer Hospital on 
March 21, 1953. For almost three years he had suffered from intermittent chest pain 
which began in the back and radiated anteriorly into the hypochondrium. It has been present 
constantly for the month preceding admission and was aggravated by motion and deep 
breathing. At times it was necessary for him to sleep in a chair. 

Other than this, his past history was unremarkable and the physical examination 
as well as routine laboratory studies disclosed no abnormalities. 

A chest roentgenogram (Fig. 1), however, revealed a smoothly margined, homo- 
geneous, globular shadow in the left leaf of the diaphragm anteriorly, containing a sma!! 
plaque of calcium. Fluoroscopie studies showed the shadow to move with the diaphragm 
without alteration in size or shape. Barium studies of the upper and lower gastro- 
intestinal tract failed to reveal any connections to the mass. Pneumoperitoneum was 
performed using 600 ¢.c. of air; this demonstrated conclusively that the mass was intimately 
attached to the diaphragm (Fig. 2). 
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Fig. 1—Chest film showing the smoothly margined, homogeneous shadow in the left leaf of 
the diaphragm. 


Fi; 2.—Pneumoperitoneum demonstrating the intimate association of the tumor with the 
diaphragm. 
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A thoracotomy was then performed with the patient in the left lateral position, using 
cyclopropane-ether-endotracheal anesthesia. The eighth rib as well as short segments of the 
seventh and ninth ribs were resected and the chest wound widely spread. In the dome of 
the diaphragm was a tense, eystic structure 6 cm. in diameter located within and projecting 
above the substance of the diaphragm and extending medially to the esophageal hiatus 
The diaphragm moved normally. An incision was made adjacent to the apparent limits 
of the tumor. The tumor, together with the attached diaphragm, was resected and the 
defect created in the diaphragm was repaired with a fascia lata graft. The phrenic nerve 
was crushed to immobilize the diaphragm temporarily. A catheter was placed in the 
costophrenie angle, brought out through a stab wound in the midaxillary line, and attached 
to an underwater seal. The wound was closed in layers with interrupted silk. 





Fig. 3.—Photomicrograph showing the delicate mesothelial lining of the cyst. 


The postoperative course was entirely uneventful and the patient was discharged ten 
days after surgery. On follow-up visits he had no complaints, seeming completely relieved 
of his chest pain. 

Pathologically the tumor was a thin-walled cystic structure, located within the sub- 
stance of the diaphragm with muscle fibers spread out both above and below the cyst. The 
contents were slightly milky and histologically the lining was composed of well-preserved 
mesothelium with only a few fibroblasts for support (Fig. 3). Diagnosis was benign 
mesothelial cyst of the diaphragm. 
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DISCUSSION 


With the ever-increasing utilization of routine chest x-rays it is expected 
that more tumors of the diaphragm will be disclosed. Sinee the majority of 
these tumors are malignant, it is important that they be resected surgically 
without undue delay. 

The diagnosis of these lesions may be difficult and can be made with 
certitude only by biopsy. X-ray alone is not sufficient for the establishment of 
a diagnosis. There are many aids in diagnosis including fluoroscopy, Lipiodol 
studies of the bronchial tree, barium studies of the upper and lower gastro- 
intestinal tract, pyelograms and pneumoperitoneum. Of these, the latter is one 
of the most helpful and its wider use has been suggested by Binney.” 

It is unusual for mesothelial cysts to produce symptoms but at least 
one such ease has been reported. 


PATHOGENESIS 


Mesothelial cysts of the chest are considered congenital in origin. The 
mechanism of their development has long been a subject of conjecture. Many 
theories have been advaneed. Cruickshank and Cruickshank have “collected 
and systemized” the various embryological theories. 

In their review of the six major theories they note that all these meso- 
thelial eysts seem to arise from vagaries in the development of the mesothelial 
surfaces lining the primitive coelomic cavity and its three daughter cavities, 
the pericardial, pleural, and peritoneal. From these findings they concluded 
a more appropriate nomenclature would be based primarily on the histologic 
type of eyst (mesothelial) and, secondarily, on the anatomical site of origin 
(pericardium, pleura, peritoneum, cardiophrenic angle, diaphragm, ete.). 

Further, they believe that cysts arising by entirely different embryologic 
processes from entirely different embryological structures should be classified 
in a similar manner and not by eyst contents; for example, the term serous cyst 
is indefinite enough to inelude bronchogenic, mesothelial, and lymphangiomatous 
evsts. ; 

Specifically, the diaphragmatic mesothelial cysts are thought to develop 
during the final closure of the pleuroperitoneal or pleuropericardial openings 
when mesothelial surfaces are approximated. A loculus may be formed by 
these two different mesothelial surfaces initiating a cyst, or invagination of the 
free edge of an advancing mesothelial membrane may occur to form an intra- 
diaphragmatic eyst of the type we are reporting. 


SUMMARY 


We have reported a case of benign mesothelial cyst of the diaphragm which 
was sueeessfully removed. It appears to be the tenth primary cystic tumor of 
the diaphragm in the literature, the third intradiaphragmatie mesothelial cyst 
to be reported, and the only known intradiaphragmatic mesothelial cyst to pro- 
dive symptoms which were completely relieved following excision of the tumor. 

The embryogenesis of these cysts has been reviewed as well as the available 
diagnostie techniques. 
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Erratum 


In the January issue of the JouRNAL, in the article by Dr. Denton A. Cooley and Dr. 
Michael E, DeBakey, entitled “Resection of the Thoracic Aorta With Replacement by Homo- 
graft for Aneurysms and Constrictive Lesions,” pages 66-104, Tables TA and IB have been 
transposed. The table on page 90, enumerating Cases 1-7, should appear under the heading 
for Table IA on page 70. The table enumerating Cases 8-12 should be placed under tlie 


heading for Table IB on page 90. 





